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POWER AMPLIFIER

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a power amplifier
(power amplification circuit), and, for example, relates to a
power amplifier suitable for use in a transmission power
amplifier applied to communication terminal apparatuses,
such as a mobile phone of a CDMA system etc.

[0003] 2. Description of Related Art

[0004] The number of mobile phone subscribers in Japan
of today is approximately 80% of the population. Among
those, the number of owners of mobile communications
terminal apparatuses using a CDMA (Code Division Mul-
tiple Access) technology reaches approximately 50%. As to
demand for the terminals in the future, it is considered that
the demand for mobile communications terminal appara-
tuses further increases as PDC (Personal Digital Cellular)
terminal apparatuses etc. are replaced with mobile commu-
nications terminal apparatuses of a W-CDMA (Wideband-
CDMA) system.

[0005] In communication terminal apparatuses including
the mobile communications terminal apparatus, in order to
generate a transmission wave, the electric power amplifica-
tion circuit (also referred to as power amplifier, particularly
transmission power amplifying circuit) is provided (see
Japanese Unexamined Patent Application Publication No.
H11-261479, for example). This electric power amplifica-
tion circuit is arranged such that the frequency band corre-
sponds to a frequency band of the transmission wave.
[0006] On the other hand, as the demand for the mobile
communications terminal apparatuses increases and the
number of applications for terminal apparatus increases,
carrier frequencies are to be reorganized in order to increase
information communicating capability of mobile communi-
cations.

[0007] As the mobile communications carrier frequencies
are reorganized, it is necessary for each terminal apparatus
to install a system corresponding to a new frequency.
Further, due to the influence of the increasing applications,
the terminals increase in size. The miniaturization of the
inner components of the terminal apparatus is required to
prevent the size from increasing.

[0008] For this reason, the recent trend of power ampli-
fiers of manufactures is mainly to perform miniaturization.
Consequently, the manufactures work on the development of
a size reduction of the power amplifier corresponding to
each frequency to be reorganized.

SUMMARY OF THE INVENTION

[0009] However, there are physical limits to miniaturiza-
tion of the power amplifier in these days. For the further
convenience of the mobile communications terminal appa-
ratus, a situation arises in which a problem may not be
solved only by miniaturizing components in view of addi-
tion of application, portability, etc.

[0010] Furthermore, if the system corresponding to a
carrier frequency band which is reorganized and newly
added is attached to an existing terminal apparatus as it is,
an individual electric power amplifier suited for each carrier
frequency (for each frequency band) is provided. But, then,
it inevitably leads to the increase in price, and it is difficult
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to cope with the needs of an end user. As a result, a situation
inevitably arises in which a unit price of a component should
be reduced.

[0011] In view of the above situations, the present inven-
tion is made and provides an arrangement in which electric
power amplification of signals of plural types of frequency
bands can be realized without using an electric power
amplifier for each frequency band.

[0012] According to an embodiment of the present inven-
tion, there is provided a power amplifier which includes an
amplification circuit includes an active element which
amplifies a signal, and is configured to supply signals in
plural types of frequency bands. The power amplifier ampli-
fies an input signal in each frequency band by the active
element common to the signals in the plural types of
frequency bands, and outputs the amplified signals. That is,
the active element for electric power amplification is used in
common with respect to the signals of the plural types of
frequency bands.

[0013] Further, in the power amplifier in an embodiment
of the present invention, an input stage matching circuit for
impedance-matching between an output impedance of a
circuit which supplies the signals of the plural types of
frequency bands and an input impedance of the active
element is disposed on an input side of the active element.
[0014] Furthermore, an output stage matching circuit for
impedance-matching between an input impedance of a cir-
cuit which receives the signals of the plural types of fre-
quency bands outputted from the active element and an
output impedance of the active element is disposed on an
output side of the active element.

[0015] Further, the amplification circuits (i.e., active ele-
ments) may be provided in a cascade arrangement of a
plural-stage structure when it is hard to realize an electric
power amplification factor required to correspond to the
plural types of frequency bands and to obtain certain, desired
output electric power by one active element.

[0016] In the case of employing the plural-stage structure,
an interstage matching circuit for impedance-matching
between an output impedance of the active element at a
former stage and an input impedance of an active element at
a latter stage is provided at each interstage, with respect to
the signals of the plural types of frequency bands.

[0017] By the active element for electric power amplifi-
cation is used in common to the signals of the plural types
of frequency bands, a problem may arise in the impedance
matching of the active element to the signals of the plural
types of frequency bands. Thus, the matching circuits for
matching impedances are each provided on the input side
and the output side, to cope with the problem. In the case of
employing the plural-stage structure, the matching circuit
may be also provided between the stages, to similarly cope
with it.

[0018] Further, in the case of employing the plural-stage
structure, the amplification circuit at the latter stage may be
provided with a source grounding amplifier circuit where a
source is grounded through the impedance element for
negative feedback (for example, resistance element, or
inductance element) having an impedance component with
a predetermined magnitude, and that the interstage matching
circuit is common to the signals of the plural types of
frequency bands.

[0019] A path-selecting switch circuit may be provided as
needed, and paths for passing the signals of the plural types
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of frequency bands may be provided for the respective
frequency bands. Even in this case, since the active element
for electric power amplification of each stage is used in
common to the signals of the plural types of frequency
bands, input and output with respect to the amplification
circuit (i.e., active element) may be of a single-line for the
signals of the plural types of frequency bands.

[0020] Further, when the paths through which the signals
of the plural types of frequency bands are passed by means
of the path-selecting switch circuit are provided for the
respective frequency bands, the matching circuit suited for
each frequency band may be used. In the case of employing
the plural-stage structure, the interstage matching circuit
suited for each frequency band may be used similarly.
[0021] Further, when the paths through which the signals
of the plural types of frequency bands are passed by means
of the path-selecting switch circuits are provided for the
respective frequency bands, an isolation circuit may which
is connected with a terminal on a side by band of the
path-selecting switch circuit, may be provided. The isolation
circuit operates a signal for passing through the correspond-
ing terminal of the side by band when the path-selecting
switch circuit does not select, and then passes the signal to
a path different from an original signal path, while the
isolation circuit makes the signal for passing through the
corresponding terminal of the side by band become inop-
erative when the path-selecting switch circuit selects the
signal. The isolation circuit may be arranged to have a
terminating resistor for oscillation prevention.

[0022] The path-selecting switch circuit may be consti-
tuted by a junction-type pseudomorphic high-electron
mobility transistor to cope with one-chip fabrication of the
electric power amplification circuit, or operation by means
of a single positive power supply.

[0023] According to an embodiment of the present inven-
tion, since the active element for electric power amplifica-
tion is used in common to the signals of the plural types of
frequency bands, the electric power amplification of the
signals of the plural types of frequency bands can be realized
without using the electric power amplifier for each fre-
quency band.

[0024] Further, if the active element is common simply, a
problem may arise in impedance matching of the active
element with respect to the signals of the plural types of
frequency bands. However, by providing the matching cir-
cuits for matching impedances on the input side and the
output side respectively, it is possible to avoid the problem
with the impedance mismatching.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIGS. 1A-1C are circuit block diagrams for
explaining a first example of a basic structure.

[0026] FIGS. 2A and 2B are circuit block diagrams for
explaining a second example of a basic structure.

[0027] FIGS. 3A and 3B are circuit block diagrams for
explaining a third example of a basic structure.

[0028] FIGS. 4A and 4B are circuit block diagrams for
explaining a fourth example of a basic structure.

[0029] FIG. 5 is a circuit diagram showing a first embodi-
ment of a transmission power amplifying circuit.

[0030] FIGS. 6A and 6B are diagrams showing examples
of a structure of JP-HEMT as an amplification element
suitable for use in the electric power amplification circuit of
each embodiment.
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[0031] FIG. 7 is a circuit diagram showing a second
embodiment of the transmission power amplifying circuit.
[0032] FIG. 8 is a circuit diagram showing a third embodi-
ment of the transmission power amplifying circuit.

[0033] FIG. 9 is a circuit diagram showing a fourth
embodiment of the transmission power amplifying circuit.
[0034] FIG. 10 is a circuit diagram showing a fifth
embodiment of the transmission power amplifying circuit.
[0035] FIG. 11 is a circuit diagram showing a sixth
embodiment of the transmission power amplifying circuit.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0036] Hereafter, with reference to the drawings, embodi-
ments of the present invention will be described in detail.

<<Basic Structure>>

[0037] FIGS. 1-4 are diagrams for explaining a basic
structure of a transmission power amplifying circuit 1 which
are embodiments of the power amplifier according to the
present invention. In the embodiments, the transmission
power amplifying circuit 1 according to an embodiment of
the invention is arranged to use in common an electric power
amplifier AMP constituted by at least an active element
(amplification element), such as a transistor (including Field
Effect Transistor(FET)) for high frequency signals of the
plural types of frequency bands FB to be inputted. In other
words, it is basically arranged that the signals of the plural
types of frequency bands FB are amplified with a common
(also referred to as single-line) amplification means, i.e., a
common active element.

[0038] The active element for electric power amplification
is used in common to the signals of the plural types of
frequency bands, to thereby avoid miniaturization and
reduced costs of a single component which is needed in the
case where an individual electric power amplification circuit
suited for each frequency band is provided.

[0039] For example, when a system corresponding to a
carrier frequency band newly added is constructed as fre-
quency reorganization, it is unnecessary to add the electric
power amplification circuit for each band corresponding to
a new frequency band because of reorganization of mobile
communications carrier frequencies to a mobile communi-
cations terminal apparatus, thereby allowing the present
transmission system domain to maintain. This is an effective
arrangement in developing a transmission amplifier of the
mobile phone corresponding to the plural types of frequency
bands, while frequency multi-bands for mobile phones are
being developed.

[0040] In the system, the electric power amplifier AMP
has a one-stage arrangement, and may be arranged to obtain
an amplification factor Ao required to obtain the certain
desired output electric power. Alternatively, employing the
plural-stage structure of two or more stages, it may be
arranged to assign the amplification factor Ao required to
obtain the certain desired output electric power, to electric
power amplifiers AMP1-AMPn (where n is a positive inte-
ger greater than or equal to two) of the respective stages by
way of suitable ratios.

[0041] In the arrangement, the electric power amplifier
AMP is one single-line for the plural types of frequency
bands FB irrespective of the number of stages of the electric
power amplifiers AMP. In other words, since the electric
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poser amplifier AMP is commonized, it is provided that the
characteristics are broadened in bands so as to suit the plural
types of frequency bands FB.

[0042] When employing the plural-stage structure, meth-
ods of assigning the amplification factor to each stage may
be broadly divided into two, one is equal assignment, and the
other is unequal assignment. However, it is in fact preferable
that the former stage provides a higher amplification factor
than the latter stage in order to realize the broadened band
(as will be described in detail).

[0043] However, there is a limit for attaining a wide
frequency band only with one single-line electric power
amplifier AMP. It is difficult to attain the wide frequency
band so as to suit the plural types of frequency bands FB
within a frequency range as required by CDMA. To cope
with this, embodiments of the present invention provide the
following structure.

[0044] Namely, as a feature of the transmission power
amplifying circuit 1 of an embodiment of the present inven-
tion, a matching circuit M for matching impedance with
respect to the signals of the plural types of frequency bands
FB are provided on a signal input side and a signal output
side of the electric power amplifier AMP.

[0045] The matching circuit M has an impedance conver-
sion function, and operates to match an output impedance of
a circuit connected to the input side with an input impedance
of the electric power amplifier AMP within a desired fre-
quency band FB. Further, the matching circuit M operates to
match the output impedance of the electric power amplifier
AMP with the input impedance of a circuit connected to the
output side of the electric power amplifier AMP.

[0046] The matching circuit M is composed of, for
example, a combination of an inductance element and a
capacitance element (capacitor). Further, it is arranged to
obtain a desired impedance characteristic and have a desired
element constant, within the desired frequency band FB.
[0047] In this construction, it is also considered that the
matching circuit M (particularly referred to as input stage
matching circuit Mi) of the input stage provided on the input
side of the electric power amplifier AMP and the matching
circuit M (particularly referred to as output stage matching
circuit Mo) of the output stage provided on the output side
of the electric power amplifier AMP may have the same
structure and element constant. However, practically the
input impedance and output impedance of the electric power
amplifier AMP are usually different from each other. It is
therefore preferable that the input stage matching circuit Mi
and the output stage matching circuit Mo have respective
structures and element constants optimized with respect to
each impedance matching on the input side and output side,
to match the respective impedances.

[0048] Further, in the case of employing the plural-stage
structure in which the plurality of amplification circuits
(electric power amplifiers AMP) are arranged in cascade, it
is preferable to provide between stages the matching circuit
M (in particular referred to as interstage matching circuit
Mm) which performs impedance matching between the
output impedance of the electric power amplifier AMP
(active element) at the former stage and the input impedance
of the latter electric power amplifier AMP (active element).
Also in this case, it is preferable to have the structure and
element constants optimized with respect to each impedance
matching on the input side and output side and between
stages.
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[0049] Further, the signal input side and the signal output
side of the electric power amplifier AMP may be provided
with the path-selecting switch circuit SW by means of the
transistor (especially field effect transistor is preferable) for
separating the respective paths as a signal path switching
unit (switch means) for the signals of the plural types of
frequency bands FB as needed. That is, it may be arranged
that a desired path is selected by the signal path switching
unit and the signal is amplified by the single-line electric
power amplifier AMP.

[0050] Further, in the case of where plural stages of
electric power amplifiers AMP are arranged, when the
interstage matching circuit Mm is provided for each fre-
quency band FB, the signal input side and the signal output
side of the interstage matching circuit Mm for each fre-
quency band FB are provided with the path-selecting switch
circuit SW for separating the respective paths as the signal
path switching unit (switch means), with respect to the
signals of the plural types of frequency bands FB.

[0051] In this case, a position in which the path-selecting
switch circuit SW is arranged may be on the signal input side
of the matching circuit M, or may be the signal output side
of the matching circuit M.

[0052] For example, in the signal input side of the electric
power amplifier AMP, an m input—1 output type path-
selecting switch circuit SW is used first, where “m” means
the number of band classifications of the signals of the plural
types of frequency bands FB, and is a positive integer
greater than or equal to two. In other words, the signals of
m types of frequency bands FB are dealt with.

[0053] A first arrangement may be employed in which the
input stage matching circuits Mi are provided for the respec-
tive signals of m types of frequency bands FB (i.e., for the
respective frequency bands FB), the signals of m types of
frequency bands FB are inputted into the respective input
stage matching circuits Mi for the respective frequency
bands FB, the outputs are inputted into the respective input
terminals of the path-selecting switch circuit SW, and the
outputs are inputted into the electric power amplifier AMP.
Alternatively, a second arrangement may also be employed
in which the signals of m types of frequency bands FB are
inputted into the respective input terminals of the path-
selecting switch circuit SW, the outputs are inputted into one
input stage matching circuit Mi, and its output is inputted
into the electric power amplifier AMP.

[0054] Further, in the signal output side of the electric
power amplifier AMP, a 1 input—m output type path-
selecting switch circuit SW is used first. As with the above,
“m” means the number of band classifications of the signals
of the plural types of frequency bands FB, and is a positive
integer greater than or equal to two.

[0055] A first arrangement may be employed in which the
output stage matching circuits Mo are provided for the
respective signals of m types of frequency bands FB (i.e., for
respective frequency bands FB), the output signal of the
electric power amplifier AMP is inputted into one input
terminal of the path-selecting switch circuit SW, the output
signal from each output terminal is inputted into the output
stage matching circuit Mo for each frequency band FB, and
its output signal is passed to the outside (for example,
antenna output circuit ANT etc.). Alternatively, a second
arrangement may be employed in which the output signal of
the electric power amplifier AMP is inputted into one output
stage matching circuit Mo, the output is inputted into one
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input terminal of the path-selecting switch circuit SW, and
the output signal from each output terminal is passed to the
antenna output circuit ANT etc.

[0056] Further, when the plural stages of electric power
amplifiers AMP are arranged, in the case of providing the
interstage matching circuit Mm for each frequency band FB,
the one input—m output type path-selecting switch circuit
SW is provided on the input side of the interstage matching
circuit Mm, and the m input—one output type path-selecting
switch circuit SW is provided on the output side of the
interstage matching circuit Mm.

[0057] The output signal of the electric power amplifier
AMP at the former stage is inputted into the input terminal
of'the one input—m output type path-selecting switch circuit
SW, the output signal from each output terminal is inputted
into the interstage matching circuit Mm for each frequency
band FB, its output signal is inputted into each input
terminal of the m input—one output type path-selecting
switch circuit SW, and its output is inputted into the latter-
stage electric power amplifier AMP.

[0058] In any case, one matching circuit M is provided for
the plural types of frequency bands FB irrespective of
whether the path-selecting switch circuit SW is provided or
not. In other words, when the matching circuit is common to
the signals in the plural types of frequency bands, the
characteristics is attained such a wide band frequency that
the plural types of frequency bands FB may be suited.
[0059] Thus, in the arrangement of the transmission power
amplifying circuit 1 of embodiments of the present inven-
tion, the signals in the plural types of frequency bands FB
are inputted into the electric power amplifier AMP through
the input stage matching circuit Mi, and amplified them.
Then, the output signal is supplied to the antenna output
circuit ANT etc. through the output stage matching circuit
Mo. Thus, even in the case where the common amplification
means (electric power amplifier AMP) is used to the signals
of the plural types of frequency bands FB, the transmission
power amplifying circuit 1 as a whole may cope with the
broadened band. Since it is not necessary to provide the
electric power amplifiers AMP with the signals of the plural
types of frequency bands FB respectively, for each fre-
quency band, it is possible for the mobile communications
terminal apparatus to maintain the transmitting system
domain comparable with the present one, and it is unnec-
essary to add the power amplifier (especially electric power
amplifier AMP) for a new frequency band FB.

[0060] Further, when the arrangement by means of the
path-selecting switch circuit SW is employed, it allows to
maintain the transmitting system as it is if a switch system
(path-selecting switch circuit SW of an embodiment of the
present invention) required for switching frequencies is built
in the transmission power amplifying circuit 1 on the system
of mobile communications terminal apparatus.

[0061] The transistor as the active element used for the
electric power amplifier AMP or the path-selecting switch
circuit SW may be a high-electron mobility transistor
(HEMT; High Electron Mobility Transistor) which is
obtained by using a compound semiconductor, such as
gallium arsenide (GaAs), aluminum gallium and arsenide
(AlGaAs), and indium gallium arsenide (InGaAs), to hetero-
junction (junction of two types of different semiconductor
materials) and which is an example of an ultra high-speed
transistor using the character in which an electron moves at
a high speed along a junction.
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[0062] A fundamental structure is such that an undoped
GaAs layer which is an electron transit layer (channel layer)
and an n type AlGaAs layer which is an electron supply layer
(doped layer) are stacked on a half-insulation substrate, such
as GaAs.

[0063] The undoped GaAs which constitutes the electron
transit layer of the usual HEMT may be replaced with
another material (for example, InGaAs) which is pseudo-
morphic (pseudomorphic), to thereby use a pseudomorphic
HEMT which realizes higher mobility and a higher electron
concentration.

[0064] When the electron transit layer of each compound
semiconductor and the electron supply layer of each com-
pound semiconductor are joined (hetero-junction), discon-
tinuity arises in a conduction band, a valence band, and both
bands at the boundary. Since the field intensity which is
inclination of the conductor changes continuously, the con-
duction band has lower energy than a Fermi level in the
electron transit layer near the electron supply layer bound-
ary. As a result, excessive electrons (referred to as 2-dimen-
sional electron gas) are induced in this domain.

[0065] As a result, since the electron supply layer and the
electron transit layer are separated, the factor causing high
resistance, such as Coulomb scattering by donor ions etc. at
the time of electron transit can be reduced, and on-resistance
can be decreased. Therefore, it is possible to realize an active
element whose work speed is fast and which is suitable for
ahigh frequency amplification element and a high frequency
switching element.

[0066] For example, a high-electron mobility transistor
may be obtained in such a manner that a high mobility
electron transit layer using a hetero-junction boundary is
formed between a plurality of semiconductor layers lami-
nated on a substrate of compound semiconductors, such as
Ga—As, a diffusion layer is provided for at least one side of
the plurality of semiconductor layers, where impurities are
doped, to thereby form a gate by pn junction, and a source
electrode or a drain electrode is formed through an ohmic
connection layer on the diffusion layer. A high-electron
mobility transistor of such a structure is particularly referred
to as JP-HEMT (Junction Pseudomorphic HEMT; junction
pseudomorphic HEMT).

[0067] Employing a JP-HEMT where a gate of a high-
electron mobility transistor is pn junction, it is possible to
operate by means of a single positive power supply and it is
also possible to remove peripheral components, such as a
negative power supply generating circuit. Further, the on-
resistance can be reduced to be smaller than that of a
Schottky junction gate requiring a recess structure, and the
active element suitable for the high frequency amplification
element and the high frequency switching element can be
obtained.

[0068] Further, the high-electron mobility transistor is at
least used for the active element constituting the electric
power amplifier AMP or a switch element constituting the
path-selecting switch circuit SW, to thereby form the trans-
mission power amplifying circuit 1 with one chip.

[0069] Next, a basis of the circuit structure for embodying
the various transmission power amplifying circuits 1 by
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combining the respective elements as explained above will
be described with reference to several functional block
diagrams.

<Basic Structure 1>

[0070] FIGS. 1A-1C are circuit block diagrams for
explaining a first example of a basic structure. FIG. 1A
shows the first example, and FIG. 1B shows a second
example. Further, each figure of FIG. 1C shows an example
of a structure of each of the matching circuits M. In each
figure of FIG. 1C, C* is a capacitance element and L.* is an
inductance element (“*” is 1-5).

[0071] Each transmission power amplifying circuit 1 is
suitable for use in mobile phones or communication terminal
apparatuses of various systems, for example, a CDMA
(Code Division Multiple Access) system, a PDC (Personal
Digital Cellular) system, or the like.

[0072] The first example of the basic structure as shown in
FIG. 1A is the most basic structure where the input stage
matching circuit Mi is provided on the signal input side of
a one-stage electric power amplifier AMP of one-stage
structure and the output stage matching circuit Mo is pro-
vided on the signal output side.

[0073] The matching circuits M for matching impedances
are provided on the input side and output side of one electric
power amplifier AMP, to thereby secure an amplification
factor AO required in order to obtain the certain desired
output electric power with only one electric power amplifier
AMP and to cope with the high frequency signals of the
required plural types of frequency bands FB. Even if the
electric power amplifier AMP is of a single-line, it causes the
transmission power amplifying circuit 1 to operate so that
the characteristic may be acquired at each frequency band
FB.

[0074] Signals of a frequency band FB1—a frequency
band FB2 supplied via an input terminal 2 pass through a
matching circuit 3 (input stage matching circuit Mi) adjusted
to the frequency band FB1—the frequency band FB2, are
amplified with an amplification circuit 4 (electric power
amplifier AMP) by a factor of A0, pass through a matching
circuit 7 (output stage matching circuit Mo) adjusted to the
frequency band FB1—the frequency band FB2, then are
outputted via an output terminal 9 as the output signals of the
frequency band FB1—the frequency band FB2.

[0075] Hereafter, the matching circuit 3 (input stage
matching circuit Mi) and the matching circuit 7 (output stage
matching circuit Mo) may be grouped and simply explained
as the matching circuit M.

[0076] In the figures, the signal of the frequency band FB1
is a high frequency signal with a bandwidth BW1 at a center
frequency F10, and the signal of the frequency band FB2 is
a high frequency signal with a bandwidth BW2 at a center
frequency F20.

[0077] On the other hand, in the second example of the
basic structure as shown in FIG. 1B, the electric power
amplifier AMP has a two-stage structure where electric
power amplifiers AMP_1 and AMP_2 are provided, the
input stage matching circuit Mi is arranged on the signal
input side of the first-stage electric power amplifier AMP_1,
the interstage matching circuit Mm is arranged between the
signal output side of the first-stage electric power amplifier
AMP_1 and the signal input side of the second-stage electric
power amplifier AMP_2, and the output stage matching
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circuit Mo is arranged on the signal output side of the second
electric power amplifier AMP_2.

[0078] Hereafter, the matching circuit 3 (input stage
matching circuit Mi), the matching circuit 5 (interstage
matching circuit Mm), and the matching circuit 7 (output
stage matching circuit Mo) may be grouped and simply
explained as the matching circuit M.

[0079] The plural stages of electric power amplifiers AMP
makes a amplification factor assigned to the electric power
amplifier AMP of each stage (two stages, in this example)
decrease, so that the electric power amplifier AMP of each
stage is easy to broaden the band.

[0080] In other words, the signals of the frequency band
FB1—the frequency band FB2 supplied through the input
terminal 2 pass through the matching circuit 3 (input stage
matching circuit Mi) adjusted to the frequency band FB1—
the frequency band FB2, are amplified with the first-stage
amplification circuit 4 (electric power amplifier AMP_1) by
a factor of Al, further pass through the matching circuit 5
(interstage matching circuit Mm) adjusted to the frequency
band FB1—the frequency band FB2, and are amplified with
a second-stage amplification circuit 6 (electric power ampli-
fier AMP_6) by a factor of A2.

[0081] Furthermore, passing through the matching circuit
7 (output stage matching circuit Mo) adjusted to the fre-
quency band FB1—the frequency band FB2, they are out-
putted via the output terminal 9 as the output signals of a
desired output electric power of the frequency band FB1—
the frequency band FB2. The overall amplification factor is
obtained by synthesizing the amplification factors Al and
A2 of the respective stages, to thereby secure the amplifi-
cation factor A0 (=A1+A2) required in order to obtain the
desired output electric power.

[0082] The methods of assigning (how to distribute) the
amplification factor to each stage may be roughly classified
into two. One concept is equal assignment, and the other
concept is unequal assignment. The latter the stage is, the
larger a signal level is, where a larger-sized transistor (FET,
in this example) is required. Therefore, it is in fact difficult
to realize the broadened band at a high signal level. On the
other hand, when the signal level is small, the transistor
(FET in this example) may be small in size. Thus, it is
comparatively easy to attain the broadened band and there
are few obstacles in order to increase the amplification factor
A compared with the latter electric power amplifier AMP. In
short, even if the active element is the same, a frequency
range of the maximum amplification factor Amax in an
intact (in the situation where negative feedback is not
applied) amplification factor characteristic may be wide
when the signal level is small. But, it has a tendency of being
narrow when the signal level is large.

[0083] In consideration of this point, in terms of broad-
ening the band as a whole, it would be convenient that the
amplification factor of the electric power amplifier AMP at
the former stage for the low signal level is set to be greater
than the amplification factor of the electric power amplifier
AMP of the latter stage for the high signal level. In the case
of the two-stage structure as shown in FIG. 1B, it is
preferable that the amplification factor Al of the first-stage
amplification circuit 4 is set as a medium to high amplifi-
cation factor, and the amplification factor A2 of the second-
stage amplification circuit 6 is set as a low to medium
amplification factor.
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[0084] However, in the case of the first example of the
basic structures (basic 1_1, 1_2), since the matching circuits
M (Mi, Mm, Mo) are common to the signals of the plural
types of frequency bands FB1 and FB2, it is necessary for
one matching circuit M to correspond to the signals of n
types (two types in the figure) of frequency bands FB.
Further, it is necessary for the characteristic of the matching
circuit M itself to suit the whole frequency band FB whose
impedance characteristics are of n types. Namely, the need
for broadening band to the plural types of frequency band of
the matching circuit M in this example creates difficulty in
circuit design.

[0085] Forexample, as for the input stage matching circuit
Mi, as shown in (C1) of FIG. 1C, a C1-L.1-C2 type structure
may be employed, but it is more difficult to select the
element constants in that case than to correspond to the
signal of one type of frequency band FB.

[0086] Similarly, as for the interstage matching circuit
Mm, a structure as shown in (C1) of FIG. 1C as in the case
of the input stage matching circuit Mi may be employed.
Alternatively, as shown in (C2) of FIG. 1C, a C0-L1-C1-
L2-C2 type structure may be employed. However, it is more
difficult to select the element constants in that case than to
correspond to the signal of one type of frequency band FB.
Further, it is possible to cause the capacitance element C2 in
this case to function only for blocking direct current, without
causing it to function for matching impedances.

[0087] Further, as for the output stage matching circuit
Mo, as shown in (C3) of FIG. 1C, a C1-C2-1.1-C3-1.2-C4-
C5 type structure may be employed. However, it is severer
to select the element constants in that case than to corre-
spond to the signal of one type of frequency band FB. In
addition, it is possible to cause the capacitance elements C1
and C5 in this case to function only for blocking the direct
current, without causing them to function for matching
impedances.

<Basic Structure 2>

[0088] Further, the second example of the basic structures
as shown in FIGS. 2A and 2B are a modification of the first
example of the basic structure shown in FIG. 1A and
provided with the electric power amplifier AMP with the
one-stage structure. It is arranged that the path-selecting
switch circuit SW as the signal path switching unit is
provided to output/input the signal from/into the electric
power amplifier AMP for each frequency band FB, the
desired path is selected with the signal path switching unit,
and the signal is amplified with the single-line electric power
amplifier AMP.

[0089] The second example of the basic structure as
shown in FIG. 2A is such that a path-selecting switch circuit
SW1 on the input side of the electric power amplifier AMP
is on the signal output side of the input stage matching
circuit Mi, and a path-selecting switch circuit SW4 on the
output side of the electric power amplifier AMP is on the
signal input side of the output stage matching circuit Mo.
[0090] In other words, the signal of the frequency band
FB1 supplied via one input terminal 2_1 passes through a
matching circuit 3_1 (input stage matching circuit Mi_1)
adjusted to the frequency band FB1 and the path-selecting
switch circuit SW1, is amplified by the amplification circuit
4 (electric power amplifier AMP), passes through the path-
selecting switch circuit SW4 and the matching circuit 7_1
(output stage matching circuit Mo_1) adjusted to the fre-
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quency band FB1, and is outputted through one output
terminal 9_1 as an output signal of the frequency band FB1.
[0091] Further, the signal of the frequency band FB2
supplied via the other input terminal 2_2 passes through a
matching circuit 3_2 (input stage matching circuit Mi_2)
adjusted to the frequency band FB2 and the path-selecting
switch circuit SW1, is amplified by the amplification circuit
4 (electric power amplifier AMP), passes through the path-
selecting switch circuit SW4 and a matching circuit 7_2
(output stage matching circuit Mo_2) adjusted to the fre-
quency band FB2, and is outputted via the other output
terminal 9_2 as an output signal of the frequency band FB2.
[0092] Thus, the electric power amplifier AMP of one-
stage structure is common to the signals of the plural types
of frequency bands FB to amplify them. On the other hand,
the matching circuits 3 and 7 adjusted to the frequency bands
FB1 and FB2 respectively are provided for the respective
frequency bands FB, and the desired path is selected using
the path-selecting switch circuits SW1 and SW4, whereby
the transmission power amplifying circuit 1 can be operated
so that the characteristics may be acquired for each of the
frequency bands FB1 and FB2, employing only one path of
FETs as the amplification elements.

[0093] In such an arrangement, it is necessary to provide
each of the input stage matching circuit Mi and the output
stage matching circuit Mo for each frequency band FB, and
its circuit scale is enlarged. However, each of the input stage
matching circuit Mi and the output stage matching circuit
Mo may only be adapted to the assigned frequency band FB
(FB1, FB2 in this example). There is an advantage of
providing a wide range of choice for circuit structures and
element constants.

[0094] In other words, it is preferable that the second
example of basic structure as shown in FIG. 2A is used when
the plural types of frequency bands FB (frequency band FB1
and frequency band FB2 in this example) are relatively
broad.

[0095] On the other hand, in the second example of basic
structure as shown in FIG. 2B, the path-selecting switch
circuit SW1 on the input side of the electric power amplifier
AMP is on the signal input side of the input stage matching
circuit Mi, and the path-selecting switch circuit SW4 on the
output side of the electric power amplifier AMP is on the
signal output side of the output stage matching circuit Mo.
[0096] In other words, the signal of the frequency band
FB1 supplied via one input terminal 2_1 passes through the
path-selecting switch circuit SW1 and the matching circuit
3 (input stage matching circuit Mi) adjusted to the frequency
band FB1—the frequency band FB2, is amplified by the
amplification circuit 4 (electric power amplifier AMP),
passes through the matching circuit 7 (output stage matching
circuit Mo) adjusted to the frequency band FB1—the fre-
quency band FB2 and the path-selecting switch circuit SW4,
and is outputted as the output signal of the frequency band
FB1 via one output terminal 9_1.

[0097] Further, the signal of the frequency band FB2
supplied via the other input terminal 2_2 passes through the
path-selecting switch circuit SW1 and the matching circuit
3 (input stage matching circuit Mi) adjusted to the frequency
band FB1—the frequency band FB2, is amplified by the
amplification circuit 4 (electric power amplifier AMP),
passes through the matching circuit 7 (output stage matching
circuit Mo) adjusted to the frequency band FB1—the fre-
quency band FB2 and the path-selecting switch circuit SW4,
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and is outputted as the output signal of the frequency band
FB2 via the other output terminal 9_2.

[0098] In such an arrangement, one input stage matching
circuit Mi and one output stage matching circuit Mo are
required to be adapted to the plural types of frequency bands
FB. Thus, the range of choice for the circuit structure or the
element constants may be narrower. However, it is consti-
tuted by one single-line only, not only the electric power
amplifier AMP, but also each of the input stage matching
circuit Mi and the output stage matching circuit Mo, thus
there is an advantage of reducing the circuit scale.

[0099] In other words, it is preferable that the second
example of the basic structure as shown in FIG. 2B is used
when the plural types of frequency bands FB (frequency
band FB1 and frequency band FB2 in this example) are
relatively narrow.

[0100] The arrangement where one input stage matching
circuit Mi or output stage matching circuit Mo is used in
common to the plural types of frequency bands FB (fre-
quency band FB1 and frequency band FB2 in this example)
is similar to those of the first example of the basic structure
as shown in FIG. 1A or the first example of the basic
structure as shown in FIG. 1B. Therefore, it is preferable that
the first example of the basic structures as shown in FIGS.
1A and 1B is used when the plural types of frequency bands
FB (frequency band FB1 and frequency band FB2 in this
example) are relatively narrow.

<Basic Structure 3>

[0101] A third example of basic structures as shown in
FIGS. 3A and 3B is a modification of the first example of the
basic structure as shown in FIG. 1B and provided with the
electric power amplifier AMP of the plural-stage (two stages
in particular) structure. It is arranged that the path-selecting
switch circuit SW as the signal path switching unit is
provided in order to output/input the signal from/into each of
the electric power amplifier AMP_1 and AMP_2 for each
frequency band FB, the desired path is selected by the signal
path switching unit, and the signal is amplified with the
single-line electric power amplifier AMP.

[0102] Especially with respect to the interstage, it is
arranged such that the signal of the frequency band FB1
outputted from the first-stage amplification circuit 4 (electric
power amplifier AMP_1) passes through a path-selecting
switch circuit SW2, a matching circuit 5_1 (interstage
matching circuit Mm_1) adjusted to the frequency band
FB1, and a path-selecting switch circuit SW3, and is input-
ted into the second-stage amplification circuit 6 (electric
power amplifier AMP_2), as well as the signal of the
frequency band FB2 outputted from the first-stage amplifi-
cation circuit 4 (electric power amplifier AMP_1) passes
through the path-selecting switch circuit SW2, a matching
circuit 5_2 (interstage matching circuit Mm_2) adjusted to
the frequency band FB2, and the path-selecting switch
circuit SW3, and is inputted into the second-stage amplifi-
cation circuit 6 (electric power amplifier AMP_2).

[0103] The input side of the first-stage electric power
amplifier AMP_1 and the output side of the second-stage
electric power amplifier AMP_2 of the third example of the
basic structure as shown in FIG. 3A are respectively similar
to those of the second example of the basic structure as
shown in FIG. 2A. Further, it is arranged such that the
path-selecting switch circuits SW2 and SW3 as the signal
path switching units are provided between the output side of
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the first-stage electric power amplifier AMP_1 and the input
side of the second-stage electric power amplifier AMP_2 in
order to output/input the signal from/into the interstage
matching circuit Mm for each frequency band FB, the
desired path is chosen by the signal path switching unit, and
the signal is amplified by the single-line electric power
amplifier AMP as a whole. Fundamentally, it is possible to
enjoy the effect of the first example of the basic structure and
the effect of the second example of the basic structure.

[0104] On the other hand, the input side of the first-stage
electric power amplifier AMP_1 and the output side of the
second-stage electric power amplifier AMP_2 of the third
example of the basic structure as shown in FIG. 3B are
respectively similar to those of the second example of the
basic structure as shown in FIG. 2B. Further, the path-
selecting switch circuits SW2 and SW3 as the signal path
switching units are provided between the output side of the
first-stage electric power amplifier AMP_1 and the input
side of the second electric power amplifier AMP_2 in order
to output/input the signal from/into the interstage matching
circuit Mm for each frequency band FB, the desired path is
chosen by the signal path switching units, and the signal is
amplified with the single-line electric power amplifier AMP
as a whole. Fundamentally, it is possible to enjoy the effect
of'the first example of the basic structure and the effect of the
second example of the basic structure.

[0105] Especially, the interstage matching circuit Mm
disposed between the stages is provided for each frequency
band FB and a first-stage amplification FET and a second-
stage amplification FET are common to amplify in multiple
stages the signals of the plural types of frequency bands FB.
On the other hand, the matching circuit M adjusted to each
of the frequency bands FB1 and FB2 is separately provided
for the input side, the interstage, and the output side, and the
desired path is selected using the path-selecting switch
circuit SW, whereby the transmission power amplifying
circuit 1 can be operated so that the characteristic may be
acquired for each of the frequency bands FB1 and FB2,
employing only one path of FETs as the amplification
elements.

[0106] In such an arrangement, it is necessary to provide
the interstage matching circuit Mm for each frequency band
FB, and its circuit scale is enlarged. However, the interstage
matching circuit Mm may only be adapted to the assigned
frequency band FB (FB1, FB2 in this example). There is an
advantage of expanding a range of choice for the circuit
structures and the element constants.

[0107] In other words, as for the third example of basic
structures as shown in FIGS. 3A and 3B, irrespective of what
type of structure the source side of the second-stage ampli-
fication FET 62 is, it is preferable that the interstage match-
ing circuit Mm is used when the plural types of frequency
bands FB (frequency band FB1 and frequency band FB2 in
this example) are relatively broad.

[0108] Itis different from a basic structure 4 to be set forth
later or the structures of the fourth to the sixth embodiments,
in that the path-selecting switch circuits SW2 and SW3 are
removed, and an impedance element is required to be
provided on the source side of the second-stage amplifica-
tion FET 62, to reduce the amplification factor of the
second-stage amplification FET 62 and to cope with the
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broadband in order for one interstage matching circuit Mm
to be adapted to the plural types of frequency bands FB and
the broadband.

<Basic Structure 4>

[0109] Further, a fourth example of a basic structure as
shown in FIG. 4A is a modification of the third example of
the basic structure as shown in FIG. 3A, and the fourth
example of a basic structure as shown in FIG. 4B is a
modification of the third example of the basic structure as
shown in FIG. 3B. It is arranged such that the single-line
interstage matching circuit Mm adapted to the plural types
of frequency bands FB is provided between the output side
of the first-stage electric power amplifier AMP_1 and the
input side of the second-stage electric power amplifier
AMP_2.

[0110] Also in these cases, the path-selecting switch cir-
cuits SW1 and SW4 as the signal path switching units are
provided. It is similarly arranged that, as a whole, the desired
path is chosen by the signal path switching unit, and the
signal is amplified with the single-line electric power ampli-
fier AMP.

[0111] The interstage matching circuit Mm provided
between the stages is required to be provided and adapted
not for each frequency band FB but to the frequency band
FB1—the frequency band FB2. As a whole, the first-stage
amplification FET and the second-stage amplification FET
are common to the signals of the plural types of frequency
bands FB amplified in multiple stages. On the other hand,
the matching circuit M adjusted to each of the frequency
bands FB1 and FB2 is separately provided for the input side
and the output side, and the desired path is selected using the
path-selecting switch circuit SW, whereby the transmission
power amplifying circuit 1 can be operated so that the
characteristic may be acquired for each of the frequency
bands FB1 and FB2, employing only one path of FETs as the
amplification elements.

[0112] In such an arrangement, it is necessary to be
adapted to the plural types of frequency bands FB by means
of the single-line interstage matching circuit Mm only,
leading to a narrow range of choice for the circuit structure
and the element constants. However, as the interstage match-
ing circuit Mm between the stages may be of one single-line,
so that the circuit scale can be advantageously reduced.

[0113] In other words, as for the fourth example of the
basic structures as shown in FIG. 4, irrespective of what type
of structure the source side of the second-stage amplification
FET 62 is, it is preferable that the interstage matching circuit
Mm is used when the plural types of frequency bands FB
(frequency band FB1 and frequency band FB2 in this
example) are relatively narrow.

[0114] Like the structures of the fourth to the sixth
embodiments to be set forth later in which the path-selecting
switch circuits SW2 and SW3 are removed to cause one
interstage matching circuit Mm to cope with the plural types
of frequency bands FB with the broad bands, it is necessary
to provide the impedance element on the source side of the
second-stage amplification FET 62, to reduce the amplifi-
cation factor of the second-stage amplification FET 62 and
to cope with the broadband. However, the plural types of
frequency bands FB with narrow bands do not necessarily
require to reduce the amplification factor of the second-stage
amplification FET 62 and to cope with the broadband.
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[0115] The arrangement where one interstage matching
circuit Mm is used in common to the plural types of
frequency bands FB (frequency band FB1 and frequency
band FB2 in this example) is similar to that of the first
example of the basic structure as shown in FIG. 1B. There-
fore, it is preferable that the first example of the basic
structure as shown in FIG. 1B is used when the plural types
of frequency bands FB (frequency band FB1 and frequency
band FB2 in this example) are relatively narrow, irrespective
of what type of structure the source side of the second-stage
amplification FET 62 is.

[0116] The examples shown in FIGS. 3A and 3B, and
FIGS. 4A and 4B are illustrated with the example of
structure corresponding to two types of frequency bands FB
while the electric power amplifier AMP has the two-stage
structure. Each number may be three or more. For example,
in the example as shown in FIG. 3A, when signals of n types
of frequency bands FB are inputted, n types (sets) of the
matching circuit 3 on the input side, the matching circuit 5
between stages, the matching circuit 7 on the output side, the
path-selecting switch circuits SW that switch the signal path,
the input terminal 2 and the output terminal 9 are arranged
in parallel to cope with the signals.

[0117] In the example shown in FIG. 4A, when the signals
of'n types of frequency bands FB are inputted, n types (sets)
of the matching circuit 3 on the input side and the matching
circuit 7 on the output side, the path-selecting switch circuits
SW that switches the signal path, the input terminal 2 and the
output terminal 9 are arranged in parallel to cope with the
signals.

[0118] Further, in the case where the transmission power
amplifying circuit 1 is constituted by m stages of electric
power amplifiers AMP, it can cope with the signals by
providing the interstage matching circuit Mm at each inter-
stage. Further, in this case, as with the example as shown in
FIG. 3, the interstage matching circuit Mm and the path-
selecting switch circuit SW may be provided at each inter-
stage for each frequency band FB. Further, as with the
example as shown in FIG. 4, one interstage matching circuit
Mm adapted to the overall frequency band FB (the fre-
quency band FB1—frequency band FBm) may be provided.
[0119] In the second to fourth examples of the basic
structures as shown in FIGS. 2A, 3A, and 4A, although each
of the input stage matching circuit Mi and the output stage
matching circuit Mo is provided for each frequency band
FB, either one may use one matching circuit M adjusted to
the plural types of frequency bands FB to be common to
them. In other words, either one may be common or inde-
pendent.

[0120] In this case, with respect to the matching circuit M
which is not common (either the input stage matching circuit
Mi or the output stage matching circuit Mo), the path
selection is performed by the path-selecting switch circuit
SW with respect to the high frequency signals of the plural
types of frequency bands FB. It is easy to draw required
characteristics (amplification factor AO and broadened band
required to obtain a desired output electric power) of the
transmission power amplifying circuit 1.

[0121] In other words, in view of the size of the transmis-
sion power amplifying circuit 1 as a whole and the balance
of the characteristics, it is preferable to determine whether
each of the matching circuits M on the input side and output
side is common or independent to the plural types of
frequency bands FB.
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[0122] Naturally, the same applies to the interstage match-
ing circuit Mm between stages. It is preferable to determine
whether the matching circuit M between stages (interstage
matching circuit Mm) is independent to the plural types of
frequency bands FB (i.e., the third example of basic struc-
tures is employed) or used in common (i.e., the fourth
example of basic structures is employed).

[0123] Next, particular examples of the structure will be
described. In every example, the structure is illustrated
corresponding to two types of frequency bands FB1 and
FB2. Further, “G” denotes the gate terminal as a control
input terminal of FET, “S” denotes the source terminal as the
input terminal, and “D” indicates the drain terminal as the
output terminal.

First Embodiment

[0124] FIGS. 5 and 6 are diagrams for explaining a first
embodiment of an example of a structure of the transmission
power amplifying circuit 1. Here, FIG. 5 is a circuit diagram
showing the first embodiment of the transmission power
amplifying circuit 1. Further, FIG. 6 is a diagram showing an
example of a structure of JP-HEMT as an amplification
element suitable for use in the electric power amplification
circuit 1 of the first embodiment (others which will be
described later are also the same).

[0125] The transmission power amplifying circuit 1 of the
first embodiment embodies the third example of basic struc-
ture as shown in FIG. 3A. In other words, as shown in FIG.
5, the transmission power amplifying circuit 1 of the first
embodiment where it is assumed that high frequency signals
of two types of frequency bands FB1 and FB2 are inputted
is provided with amplification FET 42 that constitutes the
first-stage amplification circuit 4 and amplification FET 62
that constitutes the second-stage amplification circuit 6,
which are two FETs for electric power amplification. Ampli-
fication FETs 42 and 62 whose source terminals are
grounded directly constitute a source grounding amplifier
circuit. Therefore, the gain(amplification factor) is deter-
mined with its own mutual conductance gm and may be
thought to be considerably high.

[0126] Further, the transmission power amplifying circuit
1 of the first embodiment is provided with first switching
FETs 112 and 114 which serve as the path-selecting switch
circuit SW1 as the path-selecting switch on the input side,
second switching FETs 122 and 124 which serve as the
path-selecting switch circuit SW2 provided on the output
side of amplification FET 42 on the interstage side, third
switching FETs 132 and 134 which serve as the path-
selecting switch circuit SW3 provided on the input side of
amplification FET 62 on the interstage side, and fourth
switching FETs 142 and 144 which serve as the path-
selecting switch circuit SW4 as the path-selecting switch on
the output side. The source and drain of each of switching
FETs 112, 114, 122, 124, 132, 134, 142 and 144 are not
limited to the illustrated embodiment and may be replaced
with each other and connected.

[0127] Each of amplification FETs 42 and 62 is a source
grounded circuit, and the source is directly connected to a
reference potential Vss (grounding potential GND in this
example). Further, as for the first-stage amplification FET 42
whose source is grounded, its gate is connected in common
to each drain of the first switching FETs 112 and 114 through
the capacitor 44 for blocking direct-current voltage. Further,
a drain of the first-stage amplification FET 42 is connected
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in common to each drain of the second switching FETs 122
and 124 through a capacitor 46 for blocking direct-current
voltage.

[0128] Inthe path-selecting switch circuit SW1, the source
of one of first switching FET 112 is connected to an output
of the matching circuit 3_1 (input stage matching circuit
Mi_1) adjusted to the frequency band FB1 through a capaci-
tor 113 for blocking direct-current voltage. An input of the
matching circuit 3_1 is connected to one input terminal 2_1,
and the high frequency signal of the frequency band FB1 is
inputted. Further, the source of the other first switching FET
114 is connected to an output of the matching circuit 3_2
(input stage matching circuit Mi_2) adjusted to the fre-
quency band FB2 through the capacitor 115 for blocking
direct-current voltage. An input of the matching circuit 3_2
is connected to the other input terminal 2_2, and the high
frequency signal of the frequency band FB2 is inputted.
[0129] In the path-selecting switch circuit SW2, a source
of one of second switching FET 122 is connected through a
capacitor 123 for blocking direct-current voltage to an input
of the matching circuit 5_1 (interstage matching circuit
Mm_1) adjusted to the frequency band FB1. Through a
capacitor 133 for blocking direct-current voltage, an output
of the matching circuit 5_1 is connected to the source of one
of the third switching FET 132 which serves as the path-
selecting switch circuit SW3.

[0130] Further, the source of the other second switching
FET 124 is connected to an input of the matching circuit 5_2
(interstage matching circuit Mm_1) adjusted to the fre-
quency band FB2 through a capacitor 125 for blocking
direct-current voltage. The output of the matching circuit
5_2 is connected through a capacitor 135 for blocking
direct-current voltage to the source of the other third switch-
ing FET 134 which serves as the path-selecting switch
circuit SW3.

[0131] Further, as for the second-stage amplification FET
62 whose source is grounded, its gate is connected in
common to each drain of the third switching FETs 132 and
134 through a capacitor 64 for blocking direct-current
voltage. Further, a drain of the second-stage amplification
FET 62 is connected in common to each drain of the fourth
switching FETs 142 and 144 through a capacitor 66 for
blocking direct-current voltage.

[0132] Inthe path-selecting switch circuit SW4, the source
of one of fourth switching FET 142 is connected through a
capacitor 143 for blocking direct-current voltage to an input
of the matching circuit 7_1 (output stage matching circuit
Mo_1) adjusted to the frequency band FB1. Further, an
output of the matching circuit 7_1 is connected to one output
terminal 9_1, and the high frequency signal of the frequency
band FB1 is outputted.

[0133] Further, through a capacitor 145 for blocking
direct-current voltage, the source of the other fourth switch-
ing FET 144 is connected to an input of the matching circuit
7_2 (output stage matching circuit Mo_2) adjusted to the
frequency band FB2. Further, an output of the matching
circuit 7_2 is connected to the other output terminal 9_2, and
the high frequency signal of the frequency band FB2 is
outputted.

[0134] In the path-selecting switch circuits SW1-SW4, it
is arranged such that the gates of the respective switching
FETs 112, 122, 132 and 142 which are on one side and
function for the frequency band FB1 side are connected to
a first control terminal 8_1 in common and supplied with a
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switching control signal Ctl1 from a control circuit provided
for the mobile communications terminal apparatus (not
shown). Further, it is arranged such that the gates of the
respective switching FETs 114, 124, 134 and 144 which are
on the other side and function for the frequency band FB2
side are connected to a second control terminal 8 2 in
common and supplied with a switching control signal Ctl2
from the control circuit provided for the mobile communi-
cations terminal apparatus (not shown).

Operation of First Embodiment

[0135] The transmission power amplifying circuit 1 hav-
ing such a structure of the first embodiment is arranged such
that when any one of the plural types (two types in this
example) of the high frequency signals of the frequency
bands FB to be inputted is inputted into the input terminal 2
(2_1, 2_2 in this example), the input stage matching circuit
Mi, the interstage matching circuit Mm, and the output stage
matching circuit Mo that are most suitable for the any one
of'the frequency bands FB are selected by the path-selecting
switch circuits SW1-SW4, then the inputted signal is ampli-
fied in multiple stages in the first-stage amplification FET 42
and the second-stage amplification FET 62 to output the
output signal.

[0136] In particular, when the high frequency signal of the
frequency band FB1 is inputted into the input terminal 2_1,
the switching control signal Ctl1 having a voltage of 2.6V is
supplied to the first control terminal 8_1, and the switching
control signal Ctl2 having a voltage of OV is supplied to the
second control terminal 8_2.

[0137] As aresult of this, the switching control signal Ctl1
having a voltage of 2.6V is supplied to the gate of each of
the switching FETs 112, 122, 132 and 142 which functions
on the frequency band FB1 side of each of the path-selecting
switch circuits SW1-SW4, whereby each of these FETs is
turned ON (in operative state). On the other hand, the
switching control signal Ctl2 having a voltage of 0V is
supplied to the gate of each of the switching FETs 114, 124,
134 and 144 which functions on the frequency band FB2
side of each of the path-selecting switch circuits SW1-SW4,
whereby each of these FETs is turned OFF (in inoperative
state).

[0138] Thus, the high frequency signal of the frequency
band FB1 supplied through the input terminal 2_1 passes
through the input stage matching circuit Mi_1 adjusted to
the frequency band FB1, and is amplified by the first-stage
amplification FET 42. Further, it passes through the inter-
stage matching circuit Mm_1 adjusted to the frequency band
FB1, is inputted into the second-stage amplification FET 62,
and is amplified by amplification FET 62. Furthermore, it
passes through the output stage matching circuit Mo_l
adjusted to the frequency band FB1, and is outputted as the
output signal of the frequency band FB1 via the output
terminal 9_1.

[0139] On the other hand, when the high frequency signal
of'the frequency band FB2 is inputted into the input terminal
2_2, the switching control signal Ctl1 having a voltage of 0V
(for example) is supplied to the first control terminal 8_1,
and the switching control signal Ctl2 having a voltage of
2.6V (for example) is supplied to the second control terminal
8 2.

[0140] Thus, the switching control signal Ctll having a
voltage of OV is supplied to the gate of each of the switching
FETs 112, 122, 132 and 142 which functions on the fre-
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quency band FBI1 side of each of the path-selecting switch
circuits SW1-SW4, whereby each of these FETs is turned
OFF (in operative state). On the other hand, the switching
control signal Ctl2 having a voltage of 2.6V is supplied to
the gate of each of the switching FETs 114, 124, 134 and 144
which functions on the frequency band FB2 side of each of
the path-selecting switch circuits SW1-SW4, whereby each
of these FETs is turned ON (in inoperative state).

[0141] Thus, the high frequency signal of the frequency
band FB2 supplied via the input terminal 2_2 passes through
the input stage matching circuit Mi_2 adjusted to the fre-
quency band FB2, and is amplified by the first-stage ampli-
fication FET 42. Further, it is inputted into the second-stage
amplification FET 62 through the interstage matching circuit
Mm_2 adjusted to the frequency band FB2, and then ampli-
fied by the amplification FET 62. Furthermore, it passes
through the output stage matching circuit Mo_2 adjusted to
the frequency band FB2, and is outputted as the output
signal of the frequency band FB2 via the output terminal
9.2

[0142] In this way, with respect to the signals of the plural
types of frequency bands FB (two types, FB1 and FB2, in
this example), the first-stage amplification FET 42 and the
second-stage amplification FET 62 are commonized and
amplify them in multiple stages. On the other hand, the
matching circuit M adjusted to each frequency band FB is
separately provided on the input side, between stages, and
on the output side, and the desired path is selected using the
path-selecting switch circuit SW, whereby the transmission
power amplifying circuit 1 can be operated so that the
characteristic may be acquired for each frequency band FB,
employing one path of the amplification FETs (amplification
FETs 42 and 62 in this example).

[0143] In this example, the voltage (switching control
signal Ctl1, Ctl2) applied to the gate of each of the switching
FETs 112, 122, 132 and 142 of the frequency band FB1 line
which serve as the respective path-selecting switch circuits
SW1-SW4, or to the gate of each of the switching FETs 114,
124, 134 and 144 of the frequency band FB2 line is set to 0V,
to thereby cause the switching FETs ganged together of each
frequency band FB line to be inoperative, and control the
operation of the transmission power amplifying circuit 1 to
the plural types of frequency bands FB so that any one
frequency band FB may be passed. However, another
arrangement may also be employed, as long as it can pass
only one required frequency band FB out of the plural types
of frequency bands FB and can control other frequency
bands FB to be inoperative.

[0144] For example, it is possible to control and stop a
power supply which supplies power to each of the switching
FETs 112, 122, 132 and 142 of the frequency band FB1 line
or each of the switching FETs 114, 124, 134 and 144 of the
frequency band FB2 line, to control the switching FETs of
any frequency band FB line to be inoperative.

<One-chip Fabrication of Electric Power Amplification Cir-
cuit>

[0145] The transmission power amplifying circuit 1 of the
first embodiment uses a usual high-electron mobility tran-
sistor (HEMT) for each of the switching FETs 112, 114, 122,
124, 132, 134, 142, and 144 which serve as the amplification
FETs 42 and 62, and the path-selecting switch circuits
SW1-SW4, thus realizing a monolithic IC of one chip where
they are integrated on a gallium arsenide chip.
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[0146] More preferably, JP-HEMT having a structure dif-
ferent from the usual high-electron mobility transistor is
used so that the transmission power amplifying circuit 1 can
be made into a monolithic IC of one-chip integrated on the
gallium arsenide chip and can correspond to a single power
supply operation.

[0147] JP-HEMT means that HEMT realizes higher
mobility and higher electron concentration by replacing
i-GaAs which constitutes a channel of the usual HEMT with
another material which is pseudomorphic. In addition, it is
arranged that a positive voltage corresponding to a built-in
voltage of a pn junction of AlGaAs may be applied to a gate
electrode.

<JP-HEMT>

[0148] An example of a structure of JP-HEMT shows that
a usual P-HEMT 300B is somewhat modified as can be seen
from a comparison between JP-HEMT 300A of the present
embodiment as shown in FIG. 6A and the usual(existing)
P-HEMT 300B as shown in FIG. 6B.

[0149] In other words, firstly, either JP-HEMT 300A of the
present embodiment or a usual P-HEMT 300B has a struc-
ture in which a buffer layer 302 of an undoped GaAs/
AlGaAs, an electron supply layer (doped layer) 304 of a
Si-doped n type AlGaAs, a spacer layer 306 of an undoped
AlGaAs, an electron transit layer (channel layer) 308 of an
undoped InGaAs, a spacer layer 310 of an undoped AlGaAs,
and an electron supply layer 312 of a Si-doped n type
AlGaAs are epitaxially grown in order on a half-insulation
substrate of a compound semiconductor (for example,
GaAs) (hereafter referred to as GaAs substrate 301).
[0150] Namely, in either of the JP-HEMT 300A or the
P-HEMT 300B, it has a double-doped double-heterostruc-
ture in which the GaAs substrate 301 has thereon the
electron transit layer 308 of undoped InGaAs (as the chan-
nel), the electron supply layer 312 of Si-doped n type
AlGaAs is provided at the upper part, and the electron
supply layer 304 of Si-doped n type AlGaAs is provided at
the lower part.

[0151] As shown in FIG. 6B, a source and a drain in the
usual P-HEMT 300B are such that, on the electron supply
layer 312 of Si-doped n-AlGaAs, an ohmic connection layer
(cap layer) 322 of n+ type GaAs is positioned and formed,
on which a source electrode 324 and a drain electrode 326
are formed.

[0152] Further, a gate (electron transit layer) 321 has a
recess structure in which a recess is positioned and formed
at a part of the electron supply layer 312 of Si-doped
n-AlGaAs, where a gate electrode 318 is provided and
joined by way of Schottky junction. In this case, the recess
structure has caused the on-resistance (indicated by sign of
resistance element in the figure) due to an increase in the
resistance.

[0153] On the other hand, as for the source and drain in the
present embodiment, unlike the usual P-HEMT 300B, as
shown in FIG. 6A, the ohmic connection layer (cap layer)
322 of n+ type GaAs is positioned and formed on a diffusion
layer 314 of AlGaAs where Si is doped at a low concentra-
tion or lightly, on which the source electrode 324 and the
drain electrode 326 are formed.

[0154] Further, as for a gate (electron transit layer) 320 in
JP-HEMT 300A, Zn that is of p type impurities is positioned
and diffused on the diffusion layer 314 of lightly Si-doped
AlGaAs that is formed on the electron supply layer 312 of
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Si-doped n type AlGaAs, to thereby form a p+ type embed-
ded gate 316, on which the gate electrode 318 is formed.

[0155] In other words, as a whole, JP-HEMT 300A has a
structure in which a high mobility electron transit layer
(electron transit layer 308 of undoped InGaAs) using a
hetero-junction boundary is formed between a plurality of
semiconductor layers stacked on the GaAs substrate 301, the
diffusion layer 314 of slightly Si-doped AlGaAs is formed at
one side of the plurality of semiconductor layers, on which
impurities are doped to form a gate 320 by way of pn
junction and a gate electrode 318 is formed thereon. Further,
the source electrode 324 and the drain electrode 326 are
formed above the diffusion layer 314 of slightly Si-doped
AlGaAs via the ohmic connection layer 322 of n+ type
GaAs.

[0156] JP-HEMT 300A with such a structure is arranged
such that a two-layer 2-dimensional electron gas layer serves
as the electron transit layer 308, and the electron supply
layers 312 and 304 of Si-doped n-AlGaAs and the electron
transit layer 308 are separated. Therefore, factors causing
high resistance, such as Coulomb scattering etc. at the time
of the electronic transit can be reduced, and it is possible to
reduce the on-resistance. Further, since the p+ type embed-
ded gate is formed on the diffusion layer 314 of slightly
Si-doped AlGaAs, it is possible to avoid increasing the
physical on-resistance due to the recess structure like
P-HEMT 300B.

[0157] Thus, when JP-HEMT 300A is used for the ampli-
fication FETs 42 and 62 of the transmission power ampli-
fying circuit 1, high power (high electric power), high speed,
and low power consumption can be attained. Further, when
JP-HEMT 300A is used for the path-selecting switch circuit
SW, low losses and improvement in the speed can be
attained.

[0158] Further, as described above, since the p+ type
embedded gate 316 is formed, the positive voltage corre-
sponding to the built-in voltage of pn junction of the
diffusion layer 314 of slightly Si-doped AlGaAs can be
applied to the gate electrode 318, whereby only the positive
voltage is applied to the gate electrode 318, and the trans-
mission power amplifying circuit 1 is driven.

[0159] Thus, JP-HEMT 300A is used for each switching
FET which serves as the amplification FET or the path-
selecting switch circuit SW, so that the transmission power
amplifying circuit 1 is formed with one chip. Further, since
the gate of the transistor may employ pn junction, single
positive power supply operation is allowed and peripheral
components such as a negative power supply generating
circuit may be removed.

[0160] It may be possible to use HBT (Heterojunction
Bipolar Transistor) instead of each FET (including JP-
HMET) to constitute the transmission power amplifying
circuit 1. While, HBT can use a positive power supply for a
gate electrode in this case, but the path-selecting switch
circuit SW is not be formed. Therefore, it is difficult to form
the transmission power amplifying circuit 1 with one chip.
[0161] Further, it may be possible to use the usual HEMT
for each FET in order to construct the transmission power
amplifying circuit 1. However, since it is necessary for the
usual HEMT to use the negative power supply for the gate
electrode when the usual HEMT is used, the negative power
supply generating circuit is required in addition to transmis-
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sion power amplifying circuit 1. Thus, it is inconvenient to
construct the whole mobile communications terminal appa-
ratus compactly.

[0162] As FET is made into a monolithic IC, the capaci-
tance element C and the inductance element which serve as
each matching circuit M (the input stage matching circuit
Mi, the interstage matching circuit Mm, and output stage
matching circuit Mo) may be made of a pattern capacitor and
a spiral inductor which are monolithically formed on a
gallium arsenide substrate.

[0163] As for the monolithic IC, it may be arranged that a
connection port connected to the matching circuit M (or
capacitor for blocking direct-current voltage) is provided,
and the capacitance element C and the inductance element
which serve as each matching circuit M are formed outside
the monolithic IC by an external component, wire bonding,
ribbon bonding, etc., to thereby monolithically form only
FET and the like on the gallium arsenide substrate. In this
case, since it is not accompanied with change in IC design,
there is an advantage of responding to change of the fre-
quency band FB flexibly.

[0164] As described above, in the transmission power
amplifying circuit 1 of the first preferred embodiment which
embodies the third example of the basic structure as shown
in FIG. 3A, the high frequency signals of the plural types of
frequency bands FB are amplified in multiple stages by the
plural stages of amplification FETs (two stages 42 and 62 in
this example) which are commonized. On the other hand, the
matching circuit M adjusted to each frequency band FB is
provided separately and the desired path is selected using the
path-selecting switch circuit SW, whereby the amplification
FET for only one path allows the characteristic adapted to
each frequency band FB to be obtained, securing the desired
amplification factor.

[0165] Further, when HEMT is used for FET which serves
as the amplification FET and the path-selecting switch
circuit SW which constitutes the transmission power ampli-
fying circuit 1, the transmission power amplifying circuit 1
is formed with one chip. When JP-HEMT is used especially
as FET, it can be driven with the single power supply, thus
the whole mobile communications terminal apparatus may
be made compact.

[0166] In other words, it is possible to connect with the
transmission power amplifying circuit 1, while holding the
respective paths (both signal input side and signal output
side) provided for the mobile communications terminal
apparatus with respect to the respective frequency bands FB,
and the respective switches which are to be provided on the
mobile communications terminal apparatus, on the signal
input side and the signal output side, and for path integration
may be taken in the transmission power amplifying circuit 1.
In other words, the expansion of transmission system
domain and the increase in cost in the mobile communica-
tions terminal apparatus may be avoided.

[0167] For example, in CDMA system mobile communi-
cations, use of the transmission power amplifying circuit 1
of the first embodiment may avoid enlarging the terminal
apparatus due to addition of the electric power amplification
circuit corresponding to a new frequency band FB for the
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system change because of carrier frequency reorganization.
Further, high prices of terminal apparatus may be avoided.

Second Embodiment

[0168] FIG. 7 is a circuit diagram showing a second
embodiment of an example of a structure of the transmission
power amplifying circuit 1. The transmission power ampli-
fying circuit 1 of the second embodiment has a feature that,
based on the structure of the first embodiment, an isolation
increase circuit (isolation circuit) is added to each path-
selecting switch circuit SW as the path-selecting switch.
[0169] The isolation increase circuit includes an isolation
switch (for example, FET is used) connected to a terminal on
a separated band side of the path-selecting switch circuits
SW1-SW4. When the respective path-selecting switch cir-
cuits SW1-SW4 do not select the signal passing through the
terminal, it operates and passes the signal to a path (typically
the grounding side) different from an original signal path.
Alternatively, when the respective path-selecting switch
circuits SW1-SW4 select the signal passing through the
terminal on the separated band side, the isolation function is
caused to be inoperative.

[0170] Based on the structure of the first embodiment, it is
natural to get the same effect as the first embodiment, while
another effect by the newly added isolation increase circuit
may be obtained. Hereafter, differences from the first
embodiment will be focused and described.

[0171] As shown in FIG. 7, as for the transmission power
amplifying circuit 1 of the second embodiment, one of first
switching FET 112 which constitutes the path-selecting
switch circuit SW1 on the input side is provided with one of
first isolation increase circuit 210 having FET 212 for the
first isolation increase circuit and a capacitor 213 for block-
ing direct-current voltage, and the other first switching FET
114 is provided with the other first isolation increase circuit
211 having FET 214 for the first isolation increase circuit
and a capacitor 215 for blocking direct-current voltage.
[0172] In one of first isolation increase circuit 210, a gate
of FET 212 for the first isolation increase circuit is con-
nected to the control terminal 8_2 with which the switching
control signal Ctl2 is supplied, the drain is connected to a
source of first switching FET 112, and the source is con-
nected to the reference potential Vss (=grounding potential
GND) through the capacitor 213 for blocking direct-current
voltage.

[0173] Similarly, as for the other first isolation increase
circuit 211, a gate of FET 214 for the first isolation increase
circuit is connected to the control terminal 8_1 with which
the switching control signal Ctl1 is supplied, the drain is
connected to a source of first switching FET 114, and the
source is connected to the reference potential Vss (=ground-
ing potential GND) through the capacitor 215 for blocking
direct-current voltage.

[0174] Further, one of second switching FET 122 which
constitutes the path-selecting switch circuit SW2 between
stages is provided with one of second isolation increase
circuits 220 having FET 222 for the second isolation
increase circuit and a capacitor 223 for blocking direct-
current voltage, and the other second switching FET 124 is
provided with the other second isolation increase circuits
221 having FET 224 for the second isolation increase circuit
and the capacitor 225 for blocking direct-current voltage.
[0175] In one of second isolation increase circuit 220, a
gate of FET 222 for the second isolation increase circuit is
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connected to the control terminal 8_2 with which the switch-
ing control signal Ctl2 is supplied, the drain is connected to
the source of the second switching FET 122, and the source
is connected to the reference potential Vss (=grounding
potential GND) through the capacitor 223 for blocking
direct-current voltage.

[0176] Similarly, as for the other second isolation increase
circuit 221, a gate of FET 224 for the second isolation
increase circuit is connected to the control terminal 8_1 with
which the switching control signal Ctl1 is supplied, its drain
is connected to the source of the second switching FET 124,
and its source is connected to the reference potential Vss
(=grounding potential GND) through the capacitor 225 for
blocking direct-current voltage.

[0177] Further, one of third switching FET 132 which
constitutes the path-selecting switch circuit SW3 between
stages is provided with one of third isolation increase circuit
230 having FET 232 for the third isolation increase circuit
and a capacitor 233 for blocking direct-current voltage, and
the other third switching FET 134 is provided with the other
third isolation increase circuit 231 having FET 234 for the
third isolation increase circuit and a capacitor 235 for
blocking direct-current voltage.

[0178] In one third isolation increase circuit 230, a gate of
FET 232 for the third isolation increase circuit is connected
to the control terminal 8_2 with which the switching control
signal Ctl2 is supplied, the drain is connected to a source of
the third switching FET 132, and the source is connected to
the reference potential Vss (=grounding potential GND)
through the capacitor 233 for blocking direct-current volt-
age.

[0179] Similarly, in the other third isolation increase cir-
cuits 231, a gate of FET 234 for the third isolation increase
circuit is connected to the control terminal 8 1 with which
the switching control signal Ctll is supplied, its drain is
connected to a source of the third switching FET 134, and its
source is connected to the reference potential Vss (=ground-
ing potential GND) through the capacitor 235 for blocking
direct-current voltage.

[0180] Further, one fourth switching FET 142 which con-
stitutes the path-selecting switch circuit SW4 on the output
side is provided with one of fourth isolation increase circuits
240 having FET 242 for the fourth isolation increase circuit
and a capacitor 243 for blocking direct-current voltage. The
other fourth switching FET 144 is provided with the other
fourth isolation increase circuit 241 having FET 244 for the
fourth isolation increase circuit and a capacitor 245 for
blocking direct-current voltage.

[0181] In one fourth isolation increase circuit 240, a gate
of FET 242 for the fourth isolation increase circuit is
connected to the control terminal 8_2 with which the switch-
ing control signal Ctl2 is supplied, its drain is connected to
a source of the fourth switching FET 142, and the source is
connected to the reference potential Vss (=grounding poten-
tial GND) through the capacitor 243 for blocking direct-
current voltage.

[0182] Similarly, in the other fourth isolation increase
circuit 241, a gate of FET 244 for the fourth isolation
increase circuit is connected to the control terminal 8_1 with
which the switching control signal Ctl1 is supplied, the drain
is connected to a source of the fourth switching FET 144,
and the source is connected to the reference potential Vss
(=grounding potential GND) through the capacitor 245 for
blocking direct-current voltage.
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[0183] Each of FETs 212, 214, 222, 224, 232, 234, 242,
and 244 for the isolation increase circuits functions as a
switch where it is turned ON as the gate is moved to H level
and it is turned OFF as the gate is moved to L level. At the
time of ON, it passes the signal at a drain end to the
grounding side, to thereby function to increase the degree of
isolation of the switching FETs 112, 114, 122, 124, 132, 134,
142, and 144 to which the path-selecting switch circuits
SW1-SW4 correspond. It increases the degree of isolation of
the signal of an unselected frequency band, so that operation
of the transmission power amplifying circuit 1 may be
stabilized.

Operation of Second Embodiment

[0184] The transmission power amplifying circuit 1 of
such a structure of the second embodiment is arranged such
that when the high frequency signal of any one of the plural
types (two types in this example) of frequency bands FB to
be inputted is inputted into the corresponding input termi-
nals 2 (2_1, 2_2 in this example), the input stage matching
circuit Mi, the interstage matching circuit Mm, and the
output stage matching circuit Mo that are most suitable for
the any one of the frequency bands FB, are selected by
means of the path-selecting switch circuits SW1-SW4. After
starting the respective isolation increase circuits with respect
to the other frequency bands FB side, an inputted signal is
amplified in multiple stages by the first-stage amplification
FET 42 and the second-stage amplification FET 62 to output
an output signal.

[0185] Except for the frequency band FB to be processed,
the isolation increase circuit increases a degree of isolation
more when the switching FET constituting the path-select-
ing switch circuit SW connected to the isolation increase
circuit is OFF. Further, an intrusion of the signal of the
frequency band FB to be processed into the path of the other
(non-selected one) frequency band FB may be prevented
reliably, and then to perform more efficient amplification
operation.

[0186] On the contrary, the signal of the frequency band
FB which is not to be processed and is not selected by the
path-selecting switch circuit SW is reliably prevented from
leaking into the frequency band FB which is to be processed
and is selected by the path-selecting switch circuit SW, as
the isolation increase circuit operates at an input/output
terminal (terminal on the non-selected matching circuit M
side) of the switch.

[0187] In particular, when the high frequency signal of the
frequency band FB1 is inputted into the input terminal 2_1,
the switching control signal Ctll having a voltage of, for
example, 2.6V is supplied to the first control terminal 8_1,
and the switching control signal Ctl2 having a voltage of, for
example, OV is supplied to the second control terminal 8_2.
[0188] Thus, the switching control signal Ctll having a
voltage of 2.6V is supplied also to the gate of each of FETs
214, 224, 234, and 244 for the isolation increase circuits
provided for the respective isolation increase circuits 211,
221, 231, and 241 on the frequency band FB2 side, and each
of these FETs is turned ON (in operative state), whereby
each of the isolation increase circuits 211, 221, 231, and 241
is started (FETs 214, 224, 234, and 244 for the isolation
increase circuits are turned ON) to pass the signal on the
frequency band FB2 side to the grounding side through the
capacitors 215, 225, 235, and 245 for blocking direct-current
voltage.
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[0189] On the other hand, the switching control signal
Ctl2 having a voltage of OV is supplied to the gate of each
of FETs 212, 222, 232, and 242 for the isolation increase
circuits respectively provided for the isolation increase
circuits 210, 220, 230, and 240 on the frequency band FB1
side. As a result, each of these FETs is turned OFF (in
inoperative state), so that function of each of the isolation
increase circuits 210, 220, 230, and 240 on the frequency
band FBI1 side is turned OFF.

[0190] Therefore, the degree of isolation on the frequency
band FB2 side of each of the path-selecting switch circuits
SW1-SW4 which have switching FETs 114, 124, 134 and
144 may be increased. It is also possible to reliably prevent
the signal of the frequency band FB1 from intruding into the
path of the frequency band FB2, and perform more efficient
amplification operation.

[0191] In addition, as each of the isolation increase cir-
cuits 211, 221, 231, and 241 on the frequency band FB2 side
operates, the signal of the frequency band FB2 is passed to
the grounding side at the input/output terminal of the match-
ing circuit M on the frequency band FB2 side of each of the
path-selecting switch circuits SW1-SW4. Thus, even if
selectivity of each of the path-selecting switch circuits
SW1-SW4 is inferior, it is possible to prevent more reliably
the signal of the frequency band FB2 which is not selected
by any of the path-selecting switch circuits SW1-SW4 from
leaking to the path of the frequency band FB1 which is to be
selected.

[0192] On the other hand, when the high frequency signal
of'the frequency band FB2 is inputted into the input terminal
2_2, the switching control signal Ctll having a voltage of,
for example, OV is supplied to the first control terminal 8_1,
and the switching control signal Ctl2 having a voltage of, for
example, 2.6V is supplied to the second control terminal
8 2.

[0193] Thus, the switching control signal Ctl2 having a
voltage of 2.6V is supplied also to the gate of each of FETs
212, 222, 232, and 242 for the isolation increase circuits
respectively provided for the isolation increase circuits 210,
220, 230, and 240 on the frequency band FB1 side. As each
of these FETs is turned ON (in operative state), each of the
isolation increase circuits 210, 220, 230, and 240 on the
frequency band FB1 side is started (FETs 212, 222, 232, and
242 for the isolation increase circuits are turned ON), so that
the signal is passed to the grounding side through the
capacitors 213, 223, 233, and 243 for blocking direct-current
voltage.

[0194] On the other hand, the switching control signal
Ctl1 having a voltage of OV is supplied to the gate of each
of FETs 214, 224, 234, and 244 for the isolation increase
circuits respectively provided for the isolation increase
circuits 211, 221, 231, and 241 on the frequency band FB2
side. As a result, each FET is turned OFF (in inoperative
state), so that function of each of the isolation increase
circuits 211, 221, 231, and 241 on the frequency band FB2
side is stopped.

[0195] Thus, the degree of isolation on frequency band
FB1 side of each of the path-selecting switch circuits
SW1-SW4 having the switching FETs 112,122, 132 and 142
may be increased. The intrusion of the signal of the fre-
quency band FB2 into the path of the frequency band FB1
may be prevented reliably, and thereby to perform more
efficient amplification operation.
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[0196] In addition, as each of the isolation increase cir-
cuits 210, 220, 230, and 240 on the frequency band FB1 side
operates, the signal of the frequency band FB1 is passed to
the grounding side at the input/output terminal on the
matching circuit M side on the frequency band FB1 side of
each of the path-selecting switch circuits SW1-SW4. Thus,
even if the selectivity of each of the path-selecting switch
circuits SW1-SW4 is inferior, it is possible to prevent more
reliably the signal of the frequency band FB1 which is not
selected by any of the path-selecting switch circuits SW1-
SW4 from leaking to the path of the frequency band FB2
which is to be selected.

Third Embodiment

[0197] FIG. 8 is a circuit diagram showing a third embodi-
ment of an example of a structure of the transmission power
amplifying circuit 1. The transmission power amplifying
circuit 1 of the third embodiment has a feature that, based on
the structure of the second embodiment, an oscillation
prevention circuit is added to each isolation increase circuit
to the path-selecting switch circuit SW (switch for path
selection). Since it is based on the structure of the second
embodiment, it is natural to get the same effect as the second
embodiment, while another effect by the newly added oscil-
lation prevention circuit may be obtained. Hereafter, differ-
ences from the second embodiment will be focused and
described.

[0198] As for the transmission power amplifying circuit 1
of the third embodiment, the oscillation prevention circuits
are added to at least one of the isolation increase circuits
210, 220, 230, and 240 on the frequency band FB1 side, and
at least one of the isolation increase circuits 211, 221, 231,
and 241 on the frequency band FB2 side (however, it should
be paired with one on the frequency band FB1 side). As an
example, as shown in FIG. 8, the oscillation prevention
circuits using the resistance element for oscillation preven-
tion are provided for the third isolation increase circuits 230
and 231.

[0199] As for the oscillation prevention circuit, it is pref-
erable that the circuit provided between the reference poten-
tial Vss and the source of FET for the isolation increase
circuit which constitutes each isolation increase circuit may
be not only the capacitor for blocking direct-current voltage
but also a series circuit of the capacitor for blocking direct-
current voltage and the resistance element. Since it is the
series circuit of the capacitor for blocking direct-current
voltage and the resistance element, the order may be either
an arrangement in which the source side is provided for the
capacitor for blocking direct-current voltage or an arrange-
ment in which the source side is provided for the resistance
element.

[0200] The example as shown in FIG. 8 employs the
former. In other words, a terminating resistor (dumping
resistor) 236 for oscillation prevention is provided between
the capacitor 233 for blocking direct-current voltage and the
reference potential Vss (=grounding potential GND), and a
terminating resistor (dumping resistor) 237 for oscillation
prevention is provided between the capacitor 235 for block-
ing direct-current voltage and the reference potential Vss
(=grounding potential GND).

[0201] Although not shown, the latter is may be employed
and arranged such that one terminal of the terminating
resistor 236 for oscillation prevention is connected to a
source of FET 232 for the third isolation increase circuit, and
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the other terminal of the terminating resistor 236 is con-
nected to the reference potential Vss (=grounding potential
GND) through the capacitor 233 for blocking direct-current
voltage, as well as one terminal of the terminating resistor
237 for oscillation prevention is connected to a source of the
FET 234 for the third isolation increase circuit, and the other
terminal of the terminating resistor 236 is connected to the
reference potential Vss (=grounding potential GND)
through the capacitor 235 for blocking direct-current volt-
age.

[0202] In any structure, a constant of the terminating
resistors 236 and 237 may be approximately 50 ohms, for
example.

Operation of Third Embodiment

[0203] The transmission power amplifying circuit 1 of the
second embodiment as described above and not having the
terminating resistors 236 and 237 for oscillation prevention
controls the operation of every path-selecting switch circuit
SW at the same timing with the switching control signals
Ctll and Ctl2 from the control circuit provided for the
mobile communications terminal apparatus (not shown).
Therefore, in the transmission power amplifying circuit 1,
operation of turning ON a selected path and operation of
turning OFF an unselected path should be performed almost
simultaneously.

[0204] However, in fact, for example, if a time lag arises
in a working speed of each path-selecting switch in the
transmission power amplifying circuit 1, there is a possibil-
ity that a path may be in an open state and may oscillate
momentarily.

[0205] For example, when a mobile communications ter-
minal apparatus system switches the frequency from the
frequency band FB1 to the frequency band FB2, the switch-
ing control signal Ctl1 supplied to the first control terminal
8_1 of the transmission power amplifying circuit 1 switches
from 2.6V to 0V, and the switching control signal Ctl2
supplied to the second control terminal 8_2 switches from
0V to 2.6V, whereby each switching FET which constitutes
each path-selecting switch circuit SW in the transmission
power amplifying circuit 1 operates and the signal path
switches from the frequency band FB1 side to the frequency
band FB2 side.

[0206] At this time, for example, if the switching FETs
122 and 124 of the second path-selecting switch circuit SW2
operate at a working speed faster than switching FETs 132
and 134 of the third path-selecting switch circuit SW3, the
path of the third switching FET 134 on the frequency band
FB2 side of the third path-selecting switch circuit SW3 is in
a momentary open state immediately after the switching.
Therefore, the signal of the frequency band FB2 amplified
by the first-stage amplification FET 42 passes through the
second switching FET 124, flows into the third switching
FET 134 side, and is held there. Thus, it may oscillate.
[0207] On the other hand, in the structure of the third
embodiment which has the terminating resistor 237 for
oscillation prevention, the FET 234 for the third isolation
increase circuit is turned ON by the switching control signal
Ctl1 having a voltage of 2.6V supplied to the first control
terminal 8_1. Thus, it is operating so that the path of the third
switching FET 134 on the frequency band FB2 side of the
third path-selecting switch circuit SW3 may flow into the
grounding side through the capacitor 235 for blocking
direct-current voltage. At this time, it is terminated by the
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terminating resistor 237, so that the oscillation as described
above may be prevented certainly. This is because the
terminating resistor 237 demonstrates a dumping function.
Without the terminating resistor 237, the signal of the
frequency band FB2 directly flows into the grounding side,
thus there is a possibility of oscillation.

[0208] Further, for example, when the switching FETs 122
and 124 of the second path-selecting switch circuit SW2
operates at the working speed slower than the switching
FETs 132 and 134 of the third path-selecting switch circuit
SW3, the path of the third switching FET 132 on the
frequency band FB1 side of the third path-selecting switch
circuit SW3 is in a momentary open state immediately after
the switching. Therefore, the signal of the frequency band
FB2 amplified by the first-stage amplification FET 42 passes
through the second switching FET 122, flows into the third
FET 132 side for switching, and is held there. Thus, an
oscillation may occur.

[0209] On the other hand, in the structure of the third
embodiment which has the terminating resistor 236 for
oscillation prevention, FET 232 for the third isolation
increase circuit is turned ON by the switching control signal
Ctl2 having a voltage of 2.6V supplied to the second control
terminal 8_2. Thus, the path of the third switching FET 132
on the frequency band FB1 side of the third path-selecting
switch circuit SW3 is switched so that (the signal) may flow
into the grounding side through the capacitor 233 for block-
ing direct-current voltage. At this time, the terminating
resistor 236 terminates the oscillation, so that the oscillation
as described above can be prevented with reliability. This is
because the terminating resistor 236 exerts a dumping
function. Without the terminating resistor 236, the signal of
the frequency band FB1 directly flows into the grounding
side, thus an oscillation may occur.

[0210] It should be noted that, as for the example illus-
trated here, paying attention to an oscillation phenomenon
with respect to a relationship between the second path-
selecting switch circuit SW2 and the third path-selecting
switch circuit SW3, the example is described in which the
resistance elements for oscillation prevention are provided
for the third isolation increase circuits 230 and 231 provided
for the third path-selecting switch circuit SW only by way of
example. However, the resistance elements for oscillation
prevention can be provided for the isolation increase circuits
disposed in other positions (210/211, 220/221, and 240/241
in this example, where “/”” indicates a pair).

[0211] Thus, according to the transmission power ampli-
fying circuit 1 of the third embodiment, the oscillation can
be prevented with reliability, even if a difference arises
between the working speeds of the respective switching
FETs which constitute the respective path-selecting switch
circuits SW.

Fourth Embodiment

[0212] FIG. 9 is a circuit diagram showing a fourth
embodiment of an example of a structure of the transmission
power amplifying circuit 1. The transmission power ampli-
fying circuit 1 of the fourth embodiment has a first feature
that a negative feedback impedance element (especially one
that functions as a resistance component in frequency band
FB to be processed) is added to the source side of the
amplification FET which constitutes the amplification cir-
cuit, to reduce the amplification factor of the source ground-
ing amplifier circuit.
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[0213] An arrangement of this first feature is applied to the
case where the electric power amplifiers AMP are arranged
in plural stages, including the first example of the basic
structure as shown in FIG. 1B. This is because it is practi-
cally difficult for the electric power amplifier AMP of
one-stage structure to secure the amplification factor AO
required in order to obtain a desired output electric power if
the negative feedback element is added to reduce the ampli-
fication factor.

[0214] As described in the first example of the basic
structure, when the electric power amplifiers AMP are
arranged in plural stages, it would be convenient that the
amplification factors are distributed and set up such that the
amplification factor of the electric power amplifier AMP at
the former stage for a low signal level is larger than the
amplification factor of the electric power amplifier AMP at
the latter stage for a high signal level, in order to broaden the
band as a whole.

[0215] Therefore, it is preferable that the arrangement of
the first feature where the negative feedback impedance
element is added to the source side of amplification FET to
reduce the amplification factor of the electric power ampli-
fier AMP is applied to the electric power amplifier AMP at
the latter stage side.

[0216] Further, the transmission power amplifying circuit
1 of the fourth embodiment employs the arrangement of the
fourth example of the basic structure as shown in FIG. 4A
and has a second feature that the one-line interstage match-
ing circuit Mm adapted to the plural types of frequency
bands FB is provided between the output side of the first-
stage electric power amplifier AMP_1 and the input side of
the second-stage electric power amplifier AMP_2.

[0217] In other words, the interstage matching circuit
Mm_1 on the frequency band FB1 side which functions as
an output matching circuit of the first-stage amplification
FET 42 and the interstage matching circuit Mm_2 on the
frequency band FB2 side in the arrangement of the first—
third embodiments are commonized to remove the second
path-selecting switch circuit SW2 and the third path-select-
ing switch circuit SW3.

[0218] Since the second path-selecting switch circuit SW2
and the third path-selecting switch circuit SW3 are omitted,
the corresponding isolation increase circuits 220, 221, 230,
and 231 and the terminating resistors 236 and 237 for
oscillation prevention as described in the third embodiment
can also be removed.

[0219] Although the modification of the second or third
embodiment having the isolation increase circuits 210 and
240 is shown in the illustrated example, it may also be
applied as a modification of the first embodiment which is
not provided with the isolation increase circuits 210 and 240.
Hereafter, differences from the first—third embodiments
will be focused and described.

[0220] The transmission power amplifying circuit 1 of the
fourth preferred embodiment is arranged such that the
source of the second-stage amplification FET 62 is con-
nected to the reference potential Vss (=grounding potential
GND) through the inductance element or resistance element
which is an example of the negative feedback impedance
element. As the resistance component is provided on the
source side of the amplification FET 62 for negative feed-
back, the amplification factor of the electric power amplifier
AMP can be reduced to that less than the intact amplification
factor Amax.
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[0221] For example, as shown in FIG. 9, the transmission
power amplifying circuit 1 of the fourth embodiment is
provided with the inductance element (inductor) 68 as the
negative feedback impedance element. When the inductance
element 68 is used, in fact, the frequency band FB to be
processed has the element constants to the extent that it
functions as the resistance component. As an example, when
the center frequency FBO of the frequency band FB is
around 1 GHz (gigahertz), this inductance element 68 has an
inductance of the order of a few tenths of an nH.

[0222] In this case, the inductance element 68 may be
basically formed of a bonding member connected between
the source of the second-stage amplification FET 62 and the
reference potential (in this example, grounding potential) by
way of wire bonding, ribbon bonding, or the like, for
example. Therefore, it is not particularly necessary to be
constituted by a spiral inductor monolithically formed on the
gallium arsenide substrate and the external component. It
may be formed such that a connection terminal 69 is
provided on the source side of the amplification FET 62, and
only the bonding is carried out between the terminal and the
grounding. This point is a significant advantage, while it is
necessary to positively provide the resistance element
between the connection terminal 69 and the grounding in the
case where the resistance element is used as the impedance
element.

[0223] Further, as shown in FIG. 9, it is assumed that in
the transmission power amplifying circuit 1 of the fourth
embodiment, one interstage matching circuit Mm is used
between stages which is adapted to the plural types of
frequency bands FB. Accordingly, the path-selecting switch
circuits SW2 and SW3 and the isolation increase circuits
220,221, 230, and 231, and the terminating resistors 236 and
237 are removed. The matching circuit 5 (interstage match-
ing circuit Mm) is common to the signals of the plural types
of frequency bands FB1 and FB2.

[0224] Further, the capacitors 123 and 125 for blocking
direct-current voltage provided on the output side of the
path-selecting switch circuit SW2 and the capacitors 133
and 135 for blocking direct-current voltage provided on the
input side of the path-selecting switch circuit SW3 are
removed.

[0225] Further, since the interstage matching circuit Mm
itself has the capacitance element C with a direct-current
blocking function, the capacitor 46 for blocking direct-
current voltage provided on the output side of the first-stage
amplification FET 42 and the capacitor 64 for blocking
direct-current voltage provided on the input side of the
second-stage amplification FET 62 are also removed, and
the input side of the interstage matching circuit Mm is
directly connected to the drain of the first-stage amplifica-
tion FET 42, as well as the output side of the interstage
matching circuit Mm is directly connected to the gate of the
second-stage amplification FET 62.

Operation of Fourth Embodiment

[0226] The transmission power amplifying circuit 1 hav-
ing such an arrangement of the fourth embodiment connects
the negative feedback impedance element (inductance ele-
ment 68 in this example) to the source of the second-stage
amplification FET 62 in series and grounds it. Thus, it is
possible to reduce frequency dependency of impedance-
matching (especially, input impedance of amplification FET
62) between stages. As a result, the interstage matching
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circuit Mm is common to the signals of the plural types of
frequency bands FB to be inputted. Therefore, the path-
selecting switch circuits SW2 and SW3 required when the
interstage matching circuit Mm operates for each band may
be removed.

[0227] For example, when an impedance required in order
that the first-stage amplification FET 42 may perform ampli-
fication to obtain a desired characteristic and the output is
obtained by converting the input impedance of the second-
stage amplification FET 62 by means of the interstage
matching circuit Mm, the source of the second-stage ampli-
fication FET 62 which is grounded via the impedance
element (inductance element 68 in this example) can realize
the impedance less dependent on the frequency than the
source of the second-stage amplification FET 62 which is
directly grounded not via the impedance element (induc-
tance element 68 in this example).

[0228] As a result, when one interstage matching circuit
Mm of interstage is employed, a performance margin at the
time of adjusting it to the plural types of frequency bands FB
is increased. Therefore, it is easy to realize a commonality
of the interstage matching circuit Mm_1 for frequency band
FB1 and the interstage matching circuit Mm_2 for frequency
band FB2 (which are interposed between stages in the
first—the third embodiments) into one interstage matching
circuit Mm. Accordingly, the path-selecting switch circuits
SW2 and SW3 and the corresponding capacitors 46, 123,
125, 135, 133, 135, and 64 for blocking direct-current
voltage may be removed. As a whole, it is possible to
considerably decrease the number of components, reduce
the scale of the transmission power amplifying circuit 1, and
reduce in size and in costs.

[0229] Further, fundamentally, since the inductance ele-
ment 68 used as an example of the impedance element can
be formed by way of wire bonding, ribbon bonding, etc., for
example, it is not particularly necessary to be constituted by
the spiral inductor which is monolithically formed on the
gallium arsenide substrate and the external components.
Therefore the inductance element 68 can be arranged outside
the monolithic IC. In this case, the inductance element 68 is
connected to the source of amplification FET 62 through the
connection terminal 69 as described above.

[0230] When the inductance element 68 is provided on the
source side of the second-stage amplification FET 62, it is
not necessary to enlarge the chip size of the transmission
power amplifying circuit 1 where the principal part (electric
power amplifier AMP and path-selecting switch circuit SW
in this example) is constituted by the monolithic IC.
[0231] The arrangement where the negative feedback
impedance element is added to the source side of the
amplification FET to reduce the amplification factor of the
electric power amplifier AMP can also be applied to the
first-stage amplification FET 42. For example, a source
grounding part of the amplification FET 42 by wire bonding
etc. may be formed.

[0232] However, as described above, in the transmission
power amplifying circuit 1 as a whole, in order to secure the
amplification factor A0 required to obtain the certain desired
output electric power, it is preferable that the arrangement
where the negative feedback impedance element is added to
the source side of amplification FET to reduce the amplifi-
cation factor of the electric power amplifier AMP is applied
to the electric power amplifier AMP (second-stage amplifi-
cation FET 62 in this example) at the latter stage side.
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Further, with respect to the electric power amplifier AMP
(first-stage amplification FET 42 in this example) at the
former stage side, it is preferable that the resistance com-
ponent in the frequency band FB to be processed on the
source side is as small as possible.

[0233] In order to reduce the resistance component on the
source side of the first-stage amplification FET 42 as small
as possible, it is preferable that the source grounding part of
the amplification FET 42 is connected to the reference
potential Vss by means of a via hole (Via Hole) so as to
generate a component of the impedance element (resistance
element or inductance element) as little as possible.

[0234] As shown in FIG. 9, the transmission power ampli-
fying circuit for communication terminals is arranged to be
capable of being supplied with the signals of the plural types
of frequency bands, and is provided with the amplification
circuit in which the inputted signal of each of the frequency
bands FB1 and FB2 is amplified and outputted by a common
active element. In other words, the active element for
electric power amplification is common to the signals of the
plural types of frequency bands. On the input side and output
side, the matching circuits M and Mo are disposed which
match impedances with a connected circuit. The two-stage
structure of the amplification FETs 42 and 62, in which the
source of the second-stage amplification FET 62 is grounded
(GND) by wire bonding etc., and the interstage matching
circuit Mm is common to the signals of the plural types of
frequency bands. Thus, the electric power amplification for
an 800 MHz band, for example, and the existing 900 MHz
band can be realized with a simple structure.

Fifth Embodiment

[0235] FIG. 10 is a circuit diagram showing a fifth
embodiment of a specific example of a structure of the
transmission power amplifying circuit 1. The transmission
power amplifying circuit 1 of the fifth embodiment further
develops the structure of the fourth embodiment, and respec-
tively provides the input stage matching circuit Mi and the
output stage matching circuit Mo which are of one single-
line and adapted to the plural types of frequency bands FB
for the respective matching circuits M on the input side and
the output side, thus having a feature of using the structure
of the first example of the basic structure as shown in FIG.
1B.

[0236] In other words, the input stage matching circuit
Mi_1 on the frequency band FB1 side and the input stage
matching circuit Mi_2 on the frequency band FB2 side in the
structure of the fourth embodiment as described above
realizes a commonality (integrated into one). The output
stage matching circuit Mo_1 on the frequency band FB1
side and the output stage matching circuit Mo_2 on the
frequency band FB2 side also realize a commonality. Fur-
ther, the first path-selecting switch circuit SW1 and the
fourth path-selecting switch circuit SW4 are omitted.
[0237] For example, as shown in FIG. 10, since one input
stage matching circuit Mi is used for the plural types of
frequency bands FB, one input terminal 2 is used for the
plural types of frequency bands FB. Similarly, one output
stage matching circuit Mo is used for the plural types of
frequency bands FB. Thus, one output terminal 9 is also used
for the plural types of frequency bands FB.

[0238] Further, since the first path-selecting switch circuit
SW1 and the fourth path-selecting switch circuit SW4 are
omitted, the corresponding isolation increase circuits 210,
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211, 240, and 241, the capacitors 113 and 115 for blocking
direct-current voltage provided on the input side of the
path-selecting switch circuit SW1, and the capacitors 143
and 145 for blocking direct-current voltage provided on the
output side of the path-selecting switch circuit SW4 are
removed.

[0239] Further, since the input stage matching circuit Mi
itself has the capacitance element C with the direct-current
blocking function, the capacitor 44 for blocking direct-
current voltage provided on the input side of the first-stage
amplification FET 42 is removed, and the output side of the
input stage matching circuit Mi is directly connected to the
gate of the first-stage amplification FET 42.

[0240] Further, since the output stage matching circuit Mo
itself has the capacitance element C with the direct-current
blocking function, the capacitor 66 for blocking direct-
current voltage provided on the output side of the second-
stage amplification FET 62 is removed, and the input side of
the output stage matching circuit Mo is directly connected to
the drain of the second-stage amplification FET 62.

Operation of Preferred Embodiment

[0241] In the structure of the fourth embodiment (appli-
cable also to the first—third embodiments), as for the signal
input side, when the input stage matching circuit Mi for each
frequency band FB converts an input load impedance by
means of the input stage matching circuit Mi and obtains an
impedance required in order that the first-stage amplification
FET 42 may perform amplification to obtain the desired
characteristic and the output, it can be realized by broaden-
ing the bands only by means of one input stage matching
circuit Mi in the case where the frequency band FB1 and the
frequency band FB2 are relatively narrow bands.

[0242] Namely, if one input stage matching circuit Mi is
used on the input side, when the plural types of frequency
bands FB (frequency band FB1 and frequency band FB2 in
this example) are relatively narrow bands, the performance
margin at the time of fitting to the plural types of the
frequency band FB is large. Therefore, in the fourth embodi-
ment (also applicable to first to third embodiments), it is
easy to realize a commonality the input stage matching
circuit Mi_1 for frequency band FB1 and the input stage
matching circuit Mi_2 for the frequency band FB2 which are
interposed at the signal input side into one input stage
matching circuit Mi.

[0243] Since the input stage matching circuit Mi is of one
single-line, the plural types of frequency bands FB (fre-
quency band FB1 and frequency band FB2) are supplied
from one input terminal 2 with respect to the signal of either
of the frequency bands FB, pass through a path where one
matching circuit 3 (input stage matching circuit Mi) converts
the input load impedance into the desired impedance over
the broadened bands, and are supplied to the first-stage
amplification FET 42 However, in such an arrangement, it is
taken into consideration that the input stage matching circuit
Mi may not greatly influence the amplification FET 42 to
perform the amplification to obtain the desired characteristic
and the output.

[0244] Thus, when the plural types of frequency bands FB
to be processed are relatively narrow band, it is easy to
realize a commonality of the matching circuits M (input
stage matching circuits Mi) on the input side which are
adapted to the plural types of frequency bands FB, and one
input stage matching circuit Mi can be arranged on the signal
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input side of the first-stage amplification FET 42. Accord-
ingly, the first path-selecting switch circuit SW1 and the
corresponding capacitors 44, 113, and 115 for blocking
direct-current voltage can also be removed. As a whole, it is
possible to considerably decrease the number of compo-
nents, reduce the scale of the transmission power amplifying
circuit 1, and reduce in size and in costs.

[0245] Further, the same applies to the signal output side.
In other words, as for the output stage matching circuit Mo
for each frequency band FB used in the structure of the
fourth embodiment (also applicable to first to third embodi-
ments), when the impedance required in order that the
second-stage amplification FET 62 may perform the ampli-
fication to obtain a desired characteristic and the output is
obtained by converting an output load impedance by means
of the output stage matching circuit Mo, it may be realized
by broadening the bands by means of only one output stage
matching circuit Mo in the case where the frequency band
FB1 and the frequency band FB2 are relatively narrow
bands.

[0246] In other words, if one output stage matching circuit
Mo on the output side is used, when the plural types of
frequency bands FB (frequency band FB1 and frequency
band FB2 in this example) are relatively narrow bands, the
performance margin at the time of fitting to the plural types
of the frequency band FB is large. Therefore, in the fourth
embodiment (also applicable to first to third embodiments),
it is easy to realize a commonality of the output stage
matching circuit Mo_1 for frequency band FB1 and the
output stage matching circuit Mo_2 for the frequency band
FB2 which are interposed at the signal output side into one
output stage matching circuit Mo.

[0247] Since the output stage matching circuit Mo is of
one single-line, the plural types of frequency bands FB
(frequency band FB1 and frequency band FB2) amplified by
an amplification factor AO required by the first-stage ampli-
fication FET 42 and the second-stage amplification FET 62,
with respect to either of the signal of which frequency bands
FB, pass through a path where one matching circuit 7
(output stage matching circuit Mo) converts the output load
impedance into a desired impedance for the broadband, and
are outputted via one output terminal 9.

[0248] However, in such an arrangement, it is taken into
consideration the broadening of the impedance by way of
resonance of the inductance element (inductor) L. and the
capacitance element (capacitor) in the case where the output
stage matching circuit Mo is formed to be of a relatively
large scale.

[0249] Thus, when the plural types of frequency bands FB
to be processed are relatively narrow bands, it is easy to
realize a commonality of the matching circuits M (output
stage matching circuits Mo) on the output side adapted to the
plural types of frequency bands FB, and one output stage
matching circuit Mo may be arranged on the signal output
side of the second-stage amplification FET 62. Accordingly,
the fourth path-selecting switch circuit SW4 and the corre-
sponding capacitors 66, 143, and 145 for blocking direct-
current voltage can also be removed. As a whole, it is
possible to considerably decrease the number of compo-
nents, reduce the scale of the transmission power amplifying
circuit 1, and reduce in size and in costs.

[0250] In the structure of the fifth embodiment as shown
in FIG. 10, although one matching circuit M adapted to the
plural types of frequency bands FB is used for each of the
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input stage matching circuit Mi and the output stage match-
ing circuit Mo to carry out the commonization (integration),
either one may be provided for every frequency band FB. In
view of the size and the balance of the characteristic of the
transmission power amplifying circuit 1 as a whole, it may
be determined whether each of the matching circuits M on
the input and output sides is independent or common to the
plural types of frequency bands FB.

Sixth Embodiment

[0251] FIG. 11 is a circuit diagram showing a sixth
embodiment of a specific example of a structure of the
transmission power amplifying circuit 1. Based on the
structure of the fourth embodiment where the negative
feedback impedance element is added to the source side of
the amplification FET which constitutes the amplification
circuit so as to reduce the amplification factor and the
one-line interstage matching circuit Mm adapted to the
plural types of frequency bands FB is provided for the
matching circuit M between the stages, the transmission
power amplifying circuit 1 of the sixth embodiment has a
feature that, with respect to the signal input side and the
signal output side, the arrangement order of the path-
selecting switch circuit SW and the matching circuit M is
reversed, thus employing the structure of the fourth example
of the basic structure as shown in FIG. 4B.

[0252] In other words, the path-selecting switch circuit
SW1 on the input side of the first-stage amplification FET 42
is on the signal input side of the input stage matching circuit
Mi, and the path-selecting switch circuit SW4 on the output
side of the second-stage amplification FET 62 is on the
signal output side of the output stage matching circuit Mo.
[0253] In particular, as shown in FIG. 11, firstly with
respect to the signal input side, the gate of the first-stage
amplification FET 42 whose source is grounded is connected
to the output of one matching circuit 3 (input stage matching
circuit Mi) adapted to the plural types of frequency bands FB
(frequency bands FB1 and FB2 in this example).

[0254] The input of the matching circuit 3 is connected in
common to the drain of each of the first switching FETs 112
and 114 of the path-selecting switch circuit SW1 via the
capacitor 44 for blocking direct-current voltage.

[0255] Inthe path-selecting switch circuit SW1, the source
of one first switching FET 112 is connected to one the input
terminal 2_1 through the capacitor 113 for blocking direct-
current voltage, and the high frequency signal of the fre-
quency band FB1 is inputted. Further, the source of the other
first switching FET 114 is connected to the other input
terminal 2_2 through the capacitor 115 for blocking direct-
current voltage, and the high frequency signal of the fre-
quency band FB2 is inputted.

[0256] Further, as with the second—fourth embodiments,
the first isolation increase circuits 210 and 211 are respec-
tively connected to the sources of the first switching FETs
112 and 114.

[0257] Further, with respect to the signal output side, the
drain of the second-stage amplification FET 62 whose
source is grounded through the inductance element 68 is
connected to the input of one matching circuit 7 (output
stage matching circuit Mo) adapted to the plural types of
frequency bands FB (frequency bands FB1 and FB2 in this
example).

[0258] The output of the matching circuit 7 is connected in
common to the drain of each of the fourth switching FETs
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142 and 144 of the path-selecting switch circuit SW4 via the
capacitor 66 for blocking direct-current voltage.

[0259] Inthe path-selecting switch circuit SW4, the source
of one fourth switching FET 142 is connected to one output
terminal 9_1 through the capacitor 143 for blocking direct-
current voltage, and the high frequency signal of the fre-
quency band FB1 is outputted. Further, the source of the
other fourth switching FET 144 is connected to the other
output terminal 9_2 through the capacitor 145 for blocking
direct-current voltage, and the high frequency signal of the
frequency band FB2 is outputted.

[0260] Further, as with the second—fourth embodiments,
the fourth isolation increase circuits 240 and 241 are respec-
tively connected to the sources of the fourth switching FETs
142 and 144.

[0261] Further, in the path-selecting switch circuits SW1
and SW4, it is arranged that the gates of the respective
switching FETs 112 and 142 which are on one side and
function for the frequency band FB1 side are connected to
the first control terminal 8_1 in common, and supplied with
the switching control signal Ctll from the control circuit
provided for the mobile communications terminal apparatus
(not shown). Further, it is arranged such that the gates of the
respective switching FETs 114 and 144 which are on the
other side and function for the frequency band FB2 side are
connected to the second control terminal 8_2 in common
and supplied with the switching control signal Ctl2 from the
control circuit provided for the mobile communications
terminal apparatus (not shown).

[0262] Although the modification of the second or third
embodiment having the isolation increase circuits 210 and
240 is shown in the illustrated example, it may also be
applied as a modification of the first embodiment which is
not provided with the isolation increase circuits 210 and 240.

Operation of Sixth Embodiment

[0263] The transmission power amplifying circuit 1 hav-
ing such a structure of the sixth embodiment is arranged
such that when any one of the high frequency signals of the
plural types (two types in this example) of frequency bands
FB to be inputted is inputted into the corresponding input
terminal 2 (2_1, 2_2 in this example), it is inputted into the
input stage matching circuit Mi and the output stage match-
ing circuit Mo which are adapted to both the frequency
bands FB1 and FB2 in the path-selecting switch circuits
SW1 and SW4, then the inputted signal is amplified in
multiple stages by the first-stage amplification FETs 42 and
the second-stage amplification FET 62 to output the output
signal.

[0264] In particular, when the high frequency signal of the
frequency band FB1 is inputted into the input terminal 2_1,
the switching control signal Ctll having a voltage of, for
example, 2.6V is supplied to the first control terminal 8_1,
and the switching control signal Ctl2 having a voltage of, for
example, OV is supplied to the second control terminal 8_2.
[0265] Thus, the switching control signal Ctll having a
voltage of 2.6V is supplied to the gates of the respective
switching FETs 112 and 142 which function for the fre-
quency band FB1 side of the respective path-selecting
switch circuits SW1 and SW4, each of these FETs is turned
ON (in operative state). While, the switching control signal
Ctl2 having a voltage of OV is supplied to the gates of the
respective switching FETs 114 and 144 which function on
the frequency band FB2 side of the respective path-selecting
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switch circuits SW1 and SW4, and each of these FETs is
turned OFF (in inoperative state).

[0266] Thus, the high frequency signal of the frequency
band FB1 supplied via the input terminal 2_1 passes through
the input stage matching circuit Mi, and is amplified by the
first-stage amplification FET 42. Further, it is inputted into
the second-stage amplification FET 62 through the inter-
stage matching circuit Mm, and amplified by the amplifi-
cation FET 62. Furthermore, it passes through the output
stage matching circuit Mo, and is outputted as the output
signal of the frequency band FB1 via the output terminal
91.

[0267] On the other hand, when the high frequency signal
of'the frequency band FB2 is inputted into the input terminal
2_2, the switching control signal Ctll having a voltage of,
for example, OV is supplied to the first control terminal 8_1,
and the switching control signal Ctl2 having a voltage of, for
example, 2.6V is supplied to the second control terminal
8 2.

[0268] Thus, the switching control signal Ctll having a
voltage of OV is supplied to the gates of the respective
switching FETs 112 and 142 which function for the fre-
quency band FB1 side of the respective path-selecting
switch circuits SW1 and SW4, and each of these FETs is
turned OFF (in inoperative state). While, the switching
control signal Ctl2 having a voltage of 2.6V is supplied to
the gates of the respective switching FETs 114 and 144
which function for the frequency band FB2 side of the
respective path-selecting switch circuits SW1 and SW4, and
each of these FETs is turned ON (in operative state).
[0269] Thus, the high frequency signal of the frequency
band FB2 supplied via the input terminal 2_2 passes through
the input stage matching circuit Mi and is amplified by the
first-stage amplification FET 42. Further, it is inputted into
the second-stage amplification FET 62 through the inter-
stage matching circuit Mm, and amplified by the amplifi-
cation FET 62. Furthermore, it passes through the output
stage matching circuit Mo, and is outputted as the output
signal of the frequency band FB2 via the output terminal
9.2

[0270] Thus, the first-stage amplification FET 42 and the
second-stage amplification FET 62 are common to the
signals of the plural types of frequency bands FB (two types,
FB1 and FB2 in this example) and amplify the signals in
multiple stages. On the other hand, one matching circuit M
adapted to the plural types of frequency bands FB is each
provided for the input side and output side and between
stages, the desired path is selected by means of the path-
selecting switch circuit SW, whereby the transmission power
amplifying circuit 1 can be operated so that the characteristic
may be obtained by each frequency band FB, employing
only one path of the amplification FETs (amplification FETs
42 and 62 in this example).

[0271] In this way, as with the first embodiment, it is
possible to connect with the transmission power amplifying
circuit 1, while holding the respective paths (both signal
input side and signal output side) provided for the mobile
communications terminal apparatus with respect to the
respective frequency bands FB. The respective switches
which are to be provided on the mobile communications
terminal apparatus, which are on the signal input side and
the signal output side, and which are for path integration can
be taken in the transmission power amplifying circuit 1. In
other words, an expansion of the transmission system
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domain and the increase in cost in the mobile communica-
tions terminal apparatus may be avoided.

[0272] Further, both the input stage matching circuit Mi
and the output stage matching circuit Mo are not provided
for each frequency band FB, but one input stage matching
circuit Mi and one output stage matching circuit Mo are
arranged to adapt to the plural types of frequency bands FB.
Therefore, each of the input stage matching circuit Mi and
the output stage matching circuit Mo is constituted by one
single-line as in the case with the electric power amplifier
AMP, so that there is an advantage of reducing the circuit
scale.

[0273] Further, in the illustrated structure, as with the
second—fourth embodiments, the isolation increase circuits
210, 211, 240, and 241 are provided. Thus, with respect to
those other than the frequency band FB to be processed, the
isolation increase circuits 210, 211, 240, and 241 are started
so that the degree of the isolation of the isolation increase
circuits FETs 212, 214, 242, and 244 which constitute the
path-selecting switch circuits SW1 and SW2 connected to
the isolation increase circuits 210, 211, 240, and 241 can be
raised more. Further, it is possible to reliably prevent the
frequency band FB to be processed from intruding into the
path of the other frequency band FB, and more efficient
amplification operation can be performed.

[0274] In these examples, the voltage (switching control
signal Ctll, Ctl2) applied to the gates of the respective
switching FETs 112 and 142 of the frequency band FB1 line
which serve as the respective path-selecting switch circuits
SW1 and SW4, or the gates of the respective switching FETs
114 and 144 of the frequency band FB2 line is set to OV, to
thereby cause the switching FETs of each frequency band
FB line to be inoperative at a time, and control the operation
of the transmission power amplitying circuit 1 to the plural
types of frequency bands FB so that any one frequency band
FB may be passed. However, another arrangement may also
be employed, as long as it can pass only one required
frequency band FB out of the plural types of frequency
bands FB and can control other frequency bands FB to be
inoperative. This point is similar to the description of the
first embodiment.

[0275] As describe above, although examples of the
present invention is described with reference to exemplary
embodiments, the technical scope of the present invention is
not limited to the described range of the above-mentioned
embodiments. Various changes or improvement can be
added to the above-described preferred embodiments
according to circuit design etc. without departing from the
scope of the invention, and the thus changed and improved
embodiment is also included in the technical scope of the
present invention.

[0276] Further, the above-described embodiments do not
limit the invention according to claims. Furthermore, not all
the combinations of the features described with reference to
the embodiments are necessarily indispensable for the solu-
tion means of the invention. The inventions of various stages
are included in the preferred embodiments as described
above, and various inventions can be derived by way of a
suitable combination in a plurality of disclosed constituent
elements. Even if some constituent elements are deleted out
of the whole constituent elements as illustrated in the
embodiments, as long as the effect is acquired, a structure
from which some of these constituent elements are deleted
may be extracted as the invention.
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[0277] The present application claims benefit of priority of
Japanese patent Application No. 2006-266300 filed in the
Japanese Patent Office on Sep. 29, 2006, the entire content
of which being incorporated herein by reference.

What is claimed is:

1. A power amplifier comprising:

an amplification circuit including an active element which
amplifies a signal, being configured to supply signals in
plural types of frequency band, and for amplifying an
input signal in each frequency band by the active
element common to the signals in plural types of
frequency bands and outputting the amplified signal;

an input stage matching circuit, disposed on an input side
of'the active element, for impedance-matching between
an output impedance of a circuit which supplies the
signals in the plural types of frequency bands and an
input impedance of the active element; and

an output stage matching circuit, disposed on an output
side of the active element, for impedance-matching
between an input impedance of a circuit which receives
the signals in the plural types of frequency bands
outputted from the active element and an output imped-
ance of the active element.

2. The power amplifier according to claim 1, wherein:

a plurality of the amplification circuits are composed of a
plurality of stages arranged in a cascade arrangement,
and

further comprising an interstage matching circuit for
impedance-matching between an output impedance of
the active element at a former stage and an input
impedance of the active element at a latter stage, with
respect to the signals in the plural types of frequency
bands at each interstage.

3. The power amplifier according to claim 2, wherein the
amplification circuit at the latter stage includes a source
grounding amplifier circuit where a source is grounded
through an impedance element for negative feedback having
an impedance component with a predetermined magnitude,
and the interstage matching circuit is common to the signals
in the plural types of frequency bands.

4. The power amplifier according to claim 3, wherein the
impedance element is an inductance element.

5. The power amplifier according to claim 4, the induc-
tance element is a bonding member connected between the
source and a reference potential.

6. The power amplifier according to claim 1 or 2, each of
the input stage matching circuit and the output stage match-
ing circuit is common to the signals in the plural types of
frequency bands.

7. The power amplifier according to claim 1, further
comprising a path-selecting switch circuit on an input side
which selects the signals in the plural types of frequency
bands for each band, and supplies the selected signal to the
amplification circuit.
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8. The power amplifier according to claim 7, wherein the
input stage matching circuit is provided on an input side of
the path-selecting switch circuit for each band of the signals
in the plural types of frequency bands.

9. The power amplifier according to claim 1, further
comprising a path-selecting switch circuit on an output side
which selects signals in the plural types of frequency bands
outputted from the amplification circuit for each band.

10. The power amplifier according to claim 9, wherein the
output stage matching circuit is provided on an output side
of the path-selecting switch circuit for each band of the
signals in the plural types of frequency bands.

11. The power amplifier according to claim 2, further
comprising:

a path-selecting switch circuit at a first interstage for
selecting signals in the plural types of frequency bands
outputted from the amplification circuit of the former
stage for each band; and

a path-selecting switch circuit at a second interstage for
supplying the selected signals by the path-selecting
switch circuit at the first interstage to the amplification
circuit at the latter stage, and

wherein the interstage stage matching circuit is provided
between an output side of the path-selecting switch
circuit at the first interstage and an input side of the
path-selecting switch circuit at the second interstage for
each band of the signals in the plural types of frequency
bands.

12. The power amplifier according to claim 7, further
comprising an isolation circuit connected with a terminal on
a side by band of the path-selecting switch circuit, and
wherein the isolation circuit operates a signal for passing
through the corresponding terminal of the side by band when
non-selected, and passes the signal to a path different from
an original signal path, while the isolation circuit makes the
signal for passing through the corresponding terminal of the
side by band become inoperative when selected.

13. The power amplifier according to claim 12, wherein
the isolation circuit includes a terminating resistor for oscil-
lation prevention.

14. The power amplifier according to claim 7, wherein the
path-selecting switch circuit comprises a junction-type
pseudomorphic high electron-mobility transistor which
includes:

a half-insulation substrate of a compound semiconductor,

a high-mobility electron transit layer using a hetero-
junction boundary formed between a plurality of semi-
conductor layers stacked on the half-insulation sub-
strate,

a diffusion layer provided on one side of the plurality of
semiconductor layers, and

a gate formed by way of pn junction by doping impurities
on the diffusion layer.
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